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Abstract 
Numeracy encompasses the capacity to cope with the mathematical demands of life. The context in 
which mathematics is used is an important dimension of numeracy; so one way that schools can 
provide opportunities for students to develop this capacity is to take advantage of numeracy 
learning opportunities across the curriculum. Teachers need to be able to identify these 
opportunities, and design and implement appropriate tasks in their classrooms for this approach to 
be successful. 
Research interest in numeracy is increasing internationally because of growing recognition of the 
impact of low levels of numeracy: on the economic and social well-being of individuals, and on the 
economies of countries. Researchers have investigated professional development interventions that 
support an across the curriculum approach to numeracy but this research does not appear to have 
examined factors that influence how teachers implement learning from such interventions. This 
study responds to the question of how teacher identity can be used as an analytic lens to identify 
factors that influence the ways in which teachers promote numeracy across the curriculum, in order 
to ascertain ways to assist them in this endeavour. 
A framework for teacher identity situated in the specific context of promoting numeracy learning 
across the curriculum was developed and evaluated in this study. Thus, the research was conducted 
in two phases: a theoretical phase and an empirical phase. A framework for identity as an 
embedder-of-numeracy along with an adaptation of Valsiner’s zone theory was proposed as a way 
of capturing and understanding both the complexity and dynamic nature of a teacher’s identity in 
this context. An extensive review of literature informed the theoretical phase of the research. Case 
studies of seven teachers were utilised to re-examine the proposed framework and the sociocultural 
approach employed. This empirical phase was conducted over a two-year period, with teachers 
recruited because their participation in a larger study indicated that changes in their identity in 
relation to promoting numeracy learning were likely over this period. Data sources drawn on to 
develop the case studies were semi-structured interviews and lesson observations conducted during 
visits to teachers’ schools. The focus of each case study was on the teacher’s identity as an 
embedder-of-numeracy when teaching science or history. 
The proposed framework for identity as an embedder-of-numeracy was organised by five Domains 
of Influence: Life History, Knowledge, Affective, Social, and Context. Characteristics that have 
previously been shown to influence a teacher’s identity were included in the framework if it could 
be argued that they were likely to influence how teachers promote numeracy learning through the 
subjects they teach. This framework captures the complexity of identity as an embedder-of-
numeracy and could guide the design of empirical studies, but does not reveal how specific 
 
identities are formed and possible trajectories these identities might take. For this reason, an 
adaptation of Valsiner’s zone theory informed analysis to understand how the various 
characteristics interact to produce distinct teacher identities and how these identities might change 
over time. Re-examining the framework for identity as an embedder-of-numeracy, in light of the 
case studies, resulted in additional characteristics being added to two of the domains, re-naming 
some of the characteristics to better reflect what was meant, and more explicit descriptions of each 
characteristic. The case studies helped illustrate how the proposed sociocultural approach could be 
employed to identify ways to support teachers to promote numeracy learning across the curriculum. 
The framework for identity as an embedder-of-numeracy when used in conjunction with an 
adaptation of Valsiner’s zone theory addresses the issue of capturing the complexity and dynamic 
nature of teacher identity in a way that is practically viable. The approach taken in this research 
provides a mechanism that could be used for investigating teachers’ other situated identities. 
Promoting numeracy learning across the curriculum requires appropriate mathematical, 
pedagogical, curriculum, and subject knowledge as well as a range of affective attributes, including 
a rich personal conception of numeracy and motivation to embed numeracy. However, the way in 
which teachers promote numeracy learning through the subjects they teach is also influenced by 
social interactions and the teachers’ professional context. Explicit links between numeracy and 
subject learning goals has potential to provide motivation for teachers to embed numeracy into the 
subjects they teach. Further research is needed to investigate how numeracy can enhance subject 
learning, including the nature of the necessary pedagogical content knowledge. Two related issues 
emerged as warranting further research; the use of boundary objects to promote numeracy learning, 
and the additional challenges faced by out-of-field teachers in contexts where numeracy is seen as 
an across the curriculum responsibility.  
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Chapter 1 Introduction 
Chapter 1  
Introduction 
Being able to cope with the mathematical demands of life is important for individuals and 
countries in an increasingly globalised world (Organisation for Economic Co-operation and 
Development [OECD], 2013). However, in the 2012 Programme for International Student 
Assessment (PISA), 23% of students from participating countries did not demonstrate the level of 
mathematical literacy considered necessary for full participation in today’s world (OECD, 2014). 
The validity of PISA as a means of measuring mathematical literacy has been challenged (Kanes, 
Morgan, & Tsatsaroni, 2014) and there are many factors outside of school such as socioeconomic 
status and geographical location that influence student achievement on this international test 
(OECD, 2014). Furthermore, the development of numeracy1 (also referred to as mathematical 
literacy or quantitative literacy) does not cease when a person leaves school (OECD, 2013). 
However, the findings from PISA 2012 suggest that there is a need to investigate how schooling can 
enhance the numeracy capabilities of students and, by implication, to find ways to assist teachers so 
that they are better able to promote numeracy learning. 
Mathematics is the discipline that underpins numeracy, but numeracy encompasses more 
than proficiency in mathematics (e.g., OECD, 2014; Steen, 2001; Willis, 1998). While there are 
many definitions for numeracy (and the related terms of mathematical literacy and quantitative 
literacy), there is widespread recognition that numeracy encompasses the dispositions to critically 
use mathematical knowledge and appropriate tools in a given context (Goos, Geiger, & Dole, 
2014). Despite the increased importance being placed on numeracy, there is continued debate about 
the best way in which to promote numeracy learning in schools (Geiger, Goos, & Forgasz, 2015). 
Approaches taken in various jurisdictions fall into three broad categories: mathematics subjects 
where either explicit links are made between mathematics curricula and other subjects (e.g., 
European Commission, 2011) or where specialised mathematics subjects are offered (e.g., South 
African Department of Basic Education [SA DBE], 2011); integrated curricula ranging from 
multidisciplinary approaches that maintain disciplinary boundaries (e.g., Miller, 2010) to 
interdisciplinary inquiry where subject boundaries are absent (e.g., Maass, Garcia, Mousoulides, & 
Wake, 2013); and across the curriculum approaches in which numeracy is embedded in all school 
1 The term numeracy is used in Australia where this study was conducted. The many definitions of 
numeracy and related terms, including mathematical literacy and quantitative literacy, are discussed 
in Section 2.1. 
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subjects (e.g., Australian Curriculum, Assessment, and Reporting Authority [ACARA], 2014a; 
Department of Education and Skills, 2011; Education Scotland, n.d.) . This latter approach has 
shown promise (Geiger, Goos, & Forgasz, 2015), and is the approach that has been taken in 
Australia (ACARA, 2014a) 2 where this study was conducted. 
When an across the curriculum approach to numeracy is taken, subjects other than 
mathematics provide meaningful contexts for students’ numeracy development (Steen, 2001); but 
this approach requires teachers to identify numeracy learning opportunities in the subjects they 
teach, design appropriate tasks, and implement these tasks in their classrooms. Although research 
on professional development interventions that support an across the curriculum approach to 
numeracy is growing (e.g., Ferme, 2015; Goos et al., 2014), research does not seem to have focused 
on how teachers interpret and translate their experiences from such interventions into their 
classroom practices. 
Learning can be seen as developing an identity by negotiating meaning through participation 
in the practices of communities (Wenger, 1998). Consequently, it could be argued that participating 
in professional development interventions contributes to the trajectory of a teacher’s identity; but 
does not guarantee changes to identity and classroom practices. By extension, teachers’ other 
learning experiences also contribute to this trajectory. A unit of analysis that takes into account the 
many factors that contribute to learning is the person-in-practice-in person (Lerman, 2001). Here 
individuality and agency arise from past experiences leading to an individual identity trajectory that 
is shaped by overlapping practices. Thus, teacher identity may provide useful insights into how 
teachers of all subjects can be supported to promote numeracy learning across the curriculum. 
There are many conceptualisations of identity (e.g., Gee, 2001; Sfard & Prusak, 2005; 
Wenger, 1998) but there is general recognition that identity is complex, situated, and changes over 
time. Consequently, one of the challenges in educational research is to design an empirical study 
that captures the complexity of teacher identity without creating onerous practical limitations 
(Enyedy, Goldberg, & Welsh, 2005). Using the situated nature of identity, this study developed and 
evaluated a framework for teacher identity that encompassed factors that seem to be particularly 
relevant for a teacher exploiting numeracy learning opportunities in subjects across the curriculum. 
This framework proved to be useful for guiding the design of the empirical phase of the present 
study. However, it presents only a snapshot of a teacher’s present identity and does not capture how 
this identity is shaped by the interaction of contributing factors. Nor does it capture the temporal 
nature of identity. To complement this identity framework, an adaptation of Valsiner’s (1997) zone 
2 Curriculum documents were revised and updated as the Australian Curriculum was progressively 
developed and implemented. Version 7.0 of the Australian Curriculum, retrieved on 6 August 2014, 
is cited in this thesis. 
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theory was employed to understand teacher identity in the context of numeracy across the 
curriculum and how this identity might change over time. The research presented in this thesis 
responds to the question of how a sociocultural approach, which includes teacher identity as the 
analytic lens, might contribute to understanding how teachers could be supported to embed 
numeracy into the subjects they teach. 
The significance of the present study is elaborated in the first section of this chapter. The 
manner in which the two research questions that guided this study were addressed follows. A brief 
overview of the study is presented next and the structure of the thesis is outlined in the final section 
of the chapter.  
1.1 Significance of the Study 
The present study is significant because it was conducted at a time of increasing interest in 
numeracy resulting from a growing understanding of the impact of low levels of numeracy; on 
productivity, as a result of globalisation and technological changes, and on the economic and social 
well-being of individuals (OECD, 2013). Concerns about performance in PISA by students in 
European Union (EU) member countries have led to an EU target to reduce the proportion of 
students preforming below the international minimum benchmark to less than 15% by 2020 
(European Commission, 2010). The average performance for Australian students on PISA 2012 was 
significantly above the OECD average, and the proportion of students not reaching the 
internationally accepted minimum benchmark was around 20% (OECD, 2014). However, the 
average performance for Australian students has declined significantly since PISA 2003, and the 
proportion of students not meeting the international minimum benchmark is much higher for certain 
groups, such as those from low socioeconomic backgrounds, Indigenous students, and students in 
remote areas (S. Thomson, de Bortoli, & Buckley, 2013). As a result, there is a need to look at how 
schools can assist students to develop the numeracy capabilities needed for life in the 21st century. 
The Australian Curriculum (ACARA, 2014a), in which numeracy is a general capability to 
be developed in all school subjects, is supported by the Australian Professional Standards for 
Teachers (Australian Institute for Teaching and School Leadership [AITSL], 2012) that set out what 
teachers need to know and be able to do to promote students’ numeracy development. These 
standards are used as the basis for the accreditation of pre-service teacher education programs and 
teacher registration. Therefore, it is imperative that teachers have the capacity to attend to the 
numeracy demands and opportunities in the subjects they teach.  
Some pre-service teacher education programs in Australia have included courses that 
specifically address numeracy for some time (e.g., Groves, 2001) but these courses have not been 
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widespread. The situation is changing because providers of teacher education programs need to 
demonstrate how numeracy is addressed when these programs are re-accredited. Recently, in 
response to concerns about the quality of teachers in Australia, the Teacher Education Ministerial 
Advisory Group (TEMAG) reviewed pre-service teacher education programs. One of the 
recommendations of this review was that “Higher education providers equip all primary and 
secondary pre-service teachers with a thorough understanding of the fundamentals of teaching 
literacy and numeracy” (TEMAG, 2014, p. xv). For practicing teachers, there is a need to find ways 
to develop the capacity to exploit the numeracy learning opportunities that exist in the subjects they 
teach, especially if there were no opportunities to do so during their pre-service teacher education.  
The present study has potential to inform the design of pre-service teacher education 
programs and professional development for practicing teachers by identifying ways to assist 
teachers to promote numeracy learning across the curriculum. Moreover, the process utilised in the 
study provides a mechanism that could be used to guide empirical studies that investigate teachers’ 
other situated identities, thus contributing to a better understanding of teacher identity. 
1.2 Research Questions 
The purpose of the present study was to identify ways to support teachers to promote 
numeracy learning through the subjects they teach. There were two research questions that guided 
the study. 
Research Question 1: 
How does a teacher’s identity influence her/his capacity to promote numeracy learning in 
subjects across the curriculum? 
Research Question 2:  
In what ways can a sociocultural approach contribute to understanding how teachers could 
be supported to embed numeracy into the subjects they teach? 
The first research question was concerned with how to define teacher identity in a way that 
operationalises this construct for the situation of teachers promoting numeracy learning across the 
curriculum. Identity is complex and when teacher identity has been employed in research, it has 
often not been defined or been defined in different ways (see Beijaard, Meijer, & Verloop, 2004). 
Research interest on teacher identity has grown over the last decade, but many researchers have not 
taken a holistic approach. Rather, they have focused on particular aspects of teacher identity, which 
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provides useful insights, but does not address the complexity and situated nature of teacher identity 
(e.g., Williams, 2011). In order to employ teacher identity in the empirical phase of the present 
study, it was necessary to define and operationalise this construct. Thus, developing a framework 
for identity as an embedder-of-numeracy addressed the first research question. 
The second research question was concerned with how a sociocultural approach could 
contribute to understanding how teachers could be supported to embed numeracy into the subjects 
they teach. To overcome limitations of using the framework for identity as an embedder-of-
numeracy alone, an additional theoretical framework was needed to understand how the factors that 
contribute to this identity interact and change over time. The second research question was 
addressed in two ways: developing the framework for identity as an embedder-of-numeracy and 
using an adaptation of Valsiner’s (1997) zone theory to understand this identity. 
1.3 The Study 
The present study was conducted in two phases: a theoretical phase and an empirical phase. 
The theoretical phase employed an extensive review of literature to identify factors that might 
contribute to shaping the identity of a teacher in the context of promoting numeracy learning across 
the curriculum. A framework for identity as an embedder-of-numeracy along with an adaptation of 
Valsiner’s (1997) zone theory was proposed as a way of capturing and understanding the 
complexity and dynamic nature of a teacher’s identity in this context. This theoretical phase 
informed data collection and analysis in the subsequent empirical phase.  
The empirical phase of the study was conducted over two years (2013-2014), employed 
collective case study methodology (Stake, 2003), and involved eight3 teachers from two Australian 
secondary schools. The teachers were recruited from those teachers participating in a larger project, 
hereafter referred to as the Numeracy Project4. Teachers were invited to participate in the present 
study because their participation in the Numeracy Project indicated an interest in developing their 
capacity to promote numeracy learning across a range of disciplines (English, history, science, and 
mathematics). Furthermore, the professional development component of the Numeracy Project 
meant the teachers had access to a range of activities that assisted them to promote numeracy 
learning. The findings from the empirical phase of the study were used to re-examine and evaluate 
the proposed approach that resulted from the theoretical phase. 
3 The case studies of seven of the teachers are presented in this thesis for the reasons outlined in 
Section 3.5.3. 
4 The Numeracy Project was funded by the Australian Research Council (Discovery Project 
DP120100694). 
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1.4 Structure of the Thesis 
The purpose of Chapter 2 is two-fold: to situate the present study within existing literature 
on numeracy and teacher identity and to outline the theoretical framework employed to understand 
teacher identity. There are many definitions of numeracy and approaches taken to promote 
numeracy learning. Furthermore, research that has utilised teacher identity has been approached in a 
number of ways. These issues are discussed in the first two sections. An overview of Valsiner’s 
(1997) zone theory and the rationale for using this theoretical framework follows. Gaps in the 
literature that the present study sought to address are summarised in the concluding section. 
Chapter 3 provides information about the research design. My position as the researcher, 
changes that were made to the original research design, and the context in which the study was 
conducted are outlined. Detailed information about how the study was conducted and measures that 
were put in place to enable readers to make a judgement about the trustworthiness of findings are 
presented.  
The findings of the theoretical phase of the study are set out in Chapter 4. The review of 
literature on teacher identity revealed that numerous factors have been shown to contribute to a 
teacher’s identity. Attempting to investigate all of these factors would be impractical when time and 
resource constraints are taken into account, so the approach taken in the present study was to 
identify those factors that seemed to be particularly relevant for a teacher in the context of 
promoting numeracy learning. These factors were included in a framework for identity as an 
embedder-of-numeracy and mapped onto Valsiner’s (1997) zone of proximal development (ZPD), 
zone of free movement (ZFM), and zone of promoted action (ZPA), thereby demonstrating the 
compatibility of the two frameworks. 
The findings of the empirical phase of the study are presented in Chapter 5 and Chapter 6. 
The case studies of the seven teachers from two schools5, four teachers from Metropolitan High 
School and three teachers from Regional High School are presented. The purpose of Chapter 5 is to 
illustrate and re-examine the framework for identity as an embedder-of-numeracy and adaptation of 
Valsiner’s (1997) zone theory proposed in Chapter 4 by drawing on the cases of the four teachers. 
The following chapter has two purposes: to illustrate how the proposed approach could be 
employed to investigate possible trajectories of a teacher’s identity as an embedder-of-numeracy, 
and to explore the use of boundary objects (Star & Greisemer, 1989) to promote numeracy learning. 
Chapter 7 begins with a summary of the present study. Responses to the two research 
questions that guided the study follow. Contributions made to existing knowledge and limitations of 
the study are identified, and the chapter concludes with suggestions for further research. 
5 School names are pseudonyms. 
 6 
                                                 
Chapter 2 Theoretical perspectives 
Chapter 2  
Theoretical Perspectives on Numeracy and Teacher Identity 
Numeracy is a term that is not used universally, and there is continued debate about the best 
way to promote numeracy capabilities through schooling (Geiger, Goos, & Forgasz, 2015). Teacher 
identity was chosen as the analytic lens through which to undertake the present study, which 
investigates how teachers might be supported to promote numeracy learning across the curriculum. 
However, the construct of identity is complex (Wenger, 1998) and not readily amenable to 
empirical research (Enyedy et al., 2005). In order to situate the study within existing literature, a 
synthesis of relevant literature related to numeracy and teacher identity is presented. Additionally, a 
sociocultural approach is proposed as a way of understanding teacher identity. Thus, the chapter is 
concerned with three related topics: numeracy, teacher identity, and a sociocultural perspective on 
teacher identity. 
Numeracy is the centre of attention in the first section of the chapter. Common threads in 
some of the definitions of numeracy (and some related terms) are identified, and approaches to 
numeracy taken in different international contexts are reviewed. The potential for one of these 
approaches, embedding numeracy across the curriculum (e.g., ACARA, 2014a), along with the use 
of boundary objects (Star & Greisemer, 1989) to promote both numeracy and subject learning are 
discussed. Teacher identity is the focus of the second section of the chapter. Some of the ways that 
identity has been conceptualised along with how teacher identity has been interpreted and used in 
educational research are presented. Teacher identity needs to be operationalised for use in 
educational research (Sfard & Prusak, 2005), so a way of achieving this outcome for the present 
study is proposed. The third section of the chapter is devoted to the theoretical framework 
employed to contribute to understanding teacher identity in the study. An overview of Valsiner’s 
(1997) zone theory is followed by discussion of some of the ways in which this theoretical 
framework has been used to understand learning, and therefore identity. This discussion provides 
the rationale for using Valsiner’s (1997) zone theory as the theoretical framework in the present 
study to contribute to understanding, and potentially guiding, teacher identity development. The 
gaps in the literature that the study sought to address are outlined in the concluding section of the 
chapter. 
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2.1 Numeracy 
There is increasing interest in research on numeracy but a range of related terms are used 
and the construct is viewed differently across international contexts. Jablonka (2003) identified five 
perspectives on the purposes for numeracy: developing human capital, cultural identity, social 
change, environmental awareness, and evaluating mathematics. These perspectives are not mutually 
exclusive, for example, the Brazilian perspective takes an ethnomathematical approach where 
numeracy is seen as the capacity of individuals to critically employ mathematics to solve problems 
within their own context while respecting cultural dignity (Rosa & Orey, 2015). In this perspective, 
numeracy is seen as important for cultural identity and social change; two of the purposes for 
numeracy identified by Jablonka (2003). 
There are also terms for numeracy in specific mathematical domains or settings. These 
include statistical literacy (e.g., Watson & Callingham, 2003) and financial literacy (e.g., Bush, 
McGatha, & Bay-Williams, 2012), and workplace numeracy (e.g., Zevenbergen, 2004). The terms 
mathematical literacy (e.g., Jablonka, 2003) and quantitative literacy (e.g., Steen, 2001) are also 
used. Even though the terms numeracy, mathematical literacy, and quantitative literacy are defined 
in different ways, these terms are sometimes used interchangeably and it could be argued that what 
is meant by these three terms is reasonably closely aligned. Consequently, the synthesis of literature 
presented in this section is restricted to research concerned with numeracy, mathematical literacy, 
and quantitative literacy. 
2.1.1 A common understanding of numeracy 
Numeracy was first defined in the Crowther Report as the mirror image of literacy, but 
involving quantitative thinking (Ministry of Education, 1959). While numeracy is a term that is 
widely used in the United Kingdom, Australia, and many other English-speaking countries, the 
terms quantitative literacy (e.g., Steen, 2001) and mathematical literacy (e.g., OECD, 2014) are 
used in the United States and elsewhere. Since the Crowther Report (Ministry of Education, 1959) 
common usage of the term numeracy has, at times, focused on basic mathematical skills and school 
mathematics (e.g., Cockcroft, 1982). Although mathematics is an important aspect of numeracy, a 
person with strong mathematical knowledge is not necessarily numerate (Willis, 1998). According 
to Willis (1998), being numerate requires a person to be able to choose and use the appropriate 
mathematics in a range of situations. Hogan (2000) described this capacity as “a blend of 
mathematical, contextual, and strategic knowledge” (p.19). He also noted that many situations 
require the capacity for critical numeracy, that is, the capacity to make judgements about the use 
and potential misuse of mathematics. A definition of numeracy widely accepted in Australia for 
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almost twenty years describes being numerate as the capacity to “use mathematics effectively to 
meet the demands of life at home, in paid work and for participation in community and civic life” 
(Department of Employment, Education, Training, and Youth Affaits [DEETYA], 1997, p. 15). 
Growing recognition of the importance for individuals to be able to effectively deal with the 
mathematical demands of life was seen with the inclusion of mathematical literacy in international 
student assessments (i.e., PISA) in 2000 where it was defined as 
an individual’s capacity to identify, and to understand, and to engage in mathematics and 
make well-founded judgements about the role mathematics plays as needed for an 
individual’s current and future private life, occupational life, social life with peers and 
relatives, and life as a constructive, concerned and reflective citizen. (OECD, 2000, p. 50) 
Later, Steen (2001) drew on a number of definitions of numeracy and mathematical literacy to 
define quantitative literacy as “the capacity to deal effectively with the quantitative aspects of life” 
(p. 6). He included confidence with mathematics, cultural appreciation, interpreting data, logical 
thinking, making decisions, mathematics in context, number sense, practical skills, prerequisite 
knowledge, and symbol sense in this capacity. 
The mathematical demands placed on individuals by the technologically advanced and 
information rich society of today is different from those that existed at end of the twentieth century. 
To reflect these changes, mathematical literacy for PISA in 2012 and 2015 was defined as 
an individual’s capacity to formulate, employ and interpret mathematics in a variety of 
contexts. It includes reasoning mathematically and using mathematical concepts, 
procedures, facts and tools to describe, explain and predict phenomena. It assists individuals 
in recognising the role that mathematics plays in the world and to make well-founded 
judgments and decisions needed by constructive, concerned and reflective citizens. (OECD, 
2014, p. 37) 
There is also increasing recognition of the important role schools play with numeracy being 
explicitly included in curriculum documents. In the recently implemented Australian Curriculum 
(ACARA, 2014a), numeracy was included as a general capability to be developed in all subjects 
and described as involving “students in recognising and understanding the role of mathematics in 
the world and having the dispositions to use mathematical knowledge and skills purposely” 
(ACARA, 2014a). The South African Department of Basic Education (SA DBE) describes a subject 
called Mathematical Literacy in the following manner: 
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The competencies developed through Mathematical Literacy allow individuals to make 
sense of, participate in and contribute to the twenty-first century world - a world 
characterised by numbers, numerically based arguments and data represented and 
misrepresented in a number of different ways. Such competencies include the ability to 
reason, make decisions, solve problems, manage resources, interpret information, schedule 
events and use and apply technology. Learners must be exposed to both mathematical 
content and real-life contexts to develop these competencies. Mathematical content is 
needed to make sense of real-life contexts; on the other hand, contexts determine the content 
that is needed. (SA DBE, 2011, p. 8) 
The approaches to promoting numeracy learning taken in Australia, South Africa, and other 
international contexts are discussed in the following section. 
The numerous definitions for numeracy, mathematical literacy, and quantitative literacy that 
are presented here and elsewhere vary in emphasis; however, it is possible to identify five common 
elements that exist in the more recent definitions. These elements are encapsulated in a model of 
numeracy developed by Goos et al. (2014). The central dimension of this model is the context in 
which mathematics is used. This dimension along with the dimensions of mathematical knowledge, 
tools, and dispositions are embedded in a critical orientation. Goos et al. (2014) have represented 
the model diagrammatically (see Figure 2.1) and defined each of the dimensions: mathematical 
knowledge includes the capacity to use mathematical skills and concepts, estimation, and problem 
solving strategies; tools includes the use of a range of representational, physical, and digital tools 
(e.g., maps and tables, models and measuring instruments, and computers and calculators, 
respectively) to mediate thinking; dispositions encompasses the confidence and willingness to use 
mathematics with initiative, risk taking, and flexibility; and a critical orientation comprises the 
capacity to use mathematical information make judgements and support or challenge arguments. 
The numeracy model also acknowledges the different contexts in which numeracy is needed: 
personal and social use, citizenship, and work. 
While any of the more recent definitions of numeracy could be employed to underpin the 
framework for identity as an embedder-of-numeracy proposed in Chapter 4, this numeracy model 
has two advantages over other definitions: (1) it is consistent with widely accepted definitions of 
numeracy but the meaning of each dimension of numeracy is made explicit, and (2) Goos and 
colleagues have demonstrated the utility of their numeracy model in a number of empirical studies, 
showing that classroom activities and teachers personal conceptions of numeracy can be described 
in terms of the dimensions of the model (e.g., Geiger, Goos, Dole, Forgasz, & Bennison, 2013; 
Geiger, Goos, & Dole 2015; Goos, Dole, & Geiger, 2011; Goos, Geiger, & Dole, 2011). For 
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example, Geiger, Goos, and Dole (2015) employed this model in a yearlong research and 
development project to assist teachers in planning for numeracy in subjects other than mathematics. 
One of the participating teachers designed a task for a physical education class where students used 
a pedometer to investigate their level of physical activity. Students recorded the number of paces 
they took daily over a week and converted the total number of paces to a distance travelled during 
the week. Individual and class data were analysed using the graphing tool in Excel. Using their 
numeracy model, Geiger, Goos, and Dole identified the following dimensions of numeracy in the 
activity: a problem in a life-related context; mathematical knowledge (measurement and ratio, 
selecting an appropriate graphical representation for the data); tools (pedometer, tape measures, 
calculators, and Excel spreadsheet); dispositions were addressed through to use of digital tools to 
enhance student engagement and requiring students to think flexibly about how to represent their 
data; and comparing their results and speculating on possible reasons for differences between 
themselves and others required students to take a critical orientation. 
 
Figure 2.1 A model of numeracy for the twenty-first century. Reprinted from 
“Transforming professional practice in numeracy teaching” by M. Goos, V. Geiger, and 
S. Dole, 2014. In Y. Li, E. Silver & S. Li (Eds.), Transforming mathematics instruction: 
Multiple approaches and practices, p.84. Copyright 2014 by Springer. Reprinted with 
permission. 
2.1.2 Approaches to promoting numeracy learning 
The definitions of numeracy presented in the previous section make it clear that a numerate 
person must be able to use mathematics in a range of contexts. Developing mathematical skills and 
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techniques can take place in the mathematics classroom but there is evidence to suggest that, even if 
mathematics is learnt well in this context, students are not necessarily able to apply mathematics to 
new situations (e.g., Griffin, 1995). As a consequence, developing numeracy capabilities through 
mathematics subjects requires attention to be paid to how mathematics is used beyond the 
mathematics classroom. For mathematics teachers, this means providing problems where the 
context is needed to find a solution and the solution as well as the choice of mathematics needs to 
be justified. Revisions to mathematics curricula in some European countries over recent years have 
resulted in a reduction in content, increased emphasis on mathematical processes, and more explicit 
links between mathematics and other curriculum areas (European Commission, 2011); suggesting 
that numeracy is to be addressed through mathematics in these countries. 
Another approach to promoting numeracy learning is through specialised mathematics 
subjects. For example, Mathematical Literacy is offered as an alternative mathematics subject in the 
post compulsory years of schooling (Grade 10 and above) in South Africa (SA DBE 2011). 
However, such an approach is not without problems. Following the introduction of the first iteration 
of Mathematical Literacy (South African Department of Education [SA DoE], 2003), 
Venkatakrishnan and Graven (2006) identified mixed messages in curriculum documents. In these 
documents Mathematical Literacy was defined in a similar way to that for PISA 2000 (OECD, 
2000), lacking only explicit reference to the use of appropriate tools that is evident in more recent 
definitions (e.g., Goos et al., 2014; OECD, 2014): 
Mathematical Literacy provides learners with an awareness and understanding of the role 
that mathematics plays in the modern world. Mathematical Literacy is a subject driven by 
life-related applications of mathematics. It enables learners to develop the ability and 
confidence to think numerically and spatially in order to interpret and critically analyse 
everyday situations and to solve problems. (SA DoE, 2003, p. 9) 
The stated purpose of Mathematical Literacy was to increase participation in mathematics courses 
in the final years of schooling, and learning outcomes were organised by content areas in a similar 
way to the existing mathematics subjects. Venkatakrishnan and Graven (2006) argued that these 
different perspectives in curriculum documents raise the question of whether Mathematical Literacy 
was basic maths or different maths. On the one hand, the way in which mathematical literacy is 
defined in curriculum documents (SA DoE, 2003) implies a rich interpretation of numeracy, but the 
rationale for introducing the subject and curriculum organisation suggests a potential focus on basic 
mathematical skills. This dilemma continues in current curriculum documents (SA DBE, 2011) 
which identify five key elements of Mathematical Literacy: elementary mathematical content, 
authentic real-life contexts, solving familiar and unfamiliar problems, decision making and 
 12 
Chapter 2 Theoretical perspectives 
communication, and use of integrated content and/or skills. A similar situation existed in one of the 
schools in the study of Carter et al. (2015) in Australia where school administrators viewed 
numeracy as mathematics in life-related contexts, but a Grade 8 subject called Literacy and 
Numeracy was designed to assist students to overcome difficulties with mathematics. Even though 
the interpretation of numeracy by the school administrators in the latter study was not as rich as that 
envisioned for Mathematical Literacy in South Africa, these mixed messages about the meaning of 
numeracy suggest that a danger of promoting numeracy learning through specialised mathematics 
subjects may be that in practice there could be a perception that such subjects are concerned with 
basic mathematics for low achievers. Furthermore, the importance of numeracy for economic and 
social well-being in life beyond school (OECD, 2013) means that all students need opportunities in 
which to develop their numeracy capabilities and it cannot be assumed that proficiency in school 
mathematics is enough to cope with the mathematical demands of life in the 21st century (e.g., 
Willis, 1998). 
There are two other approaches to promoting numeracy learning that have shown promise 
(Geiger, Goos, & Forgasz, 2015): one involves curriculum integration where mathematics is 
combined to varying degrees with two or more subjects, and the other involves exploiting numeracy 
learning opportunities in subjects across the curriculum. Subjects other than mathematics provide 
meaningful contexts for the development of numeracy capabilities (Steen, 2001) in both of these 
approaches. 
Curriculum integration can take many forms and ranges from approaches that maintain 
disciplinary boundaries to those that eliminate these boundaries; sometimes referred to as 
multidisciplinary and interdisciplinary approaches, respectively (e.g., Renyi, 2000). At the 
multidisciplinary end of this continuum, Miller (2010) argued that written communication is an 
important aspect of numeracy that can be developed through an integrated approach that draws on 
mathematics, English, and other subjects such as science and social studies. In this approach 
English is the vehicle for developing essential elements for communicating mathematical 
information that forms part of other subjects (e.g., the results of an experiment in science or 
interpreting population data in social studies), thus contributing to numeracy development. At the 
other end of the continuum is a curriculum that is problem-centred and based around tasks, such as 
those designed by the Common Problem Solving as links between Mathematics and Science 
(COMPASS) project (Maass et al., 2013). Although the COMPASS project was concerned with 
interdisciplinary inquiry involving mathematics and science, the capabilities promoted by the tasks 
designed in this project are closely aligned with numeracy. Examples from across the spectrum of 
curriculum integration were seen in research conducted in Australian middle schools (Wallace, 
Sheffield, Rennie, & Venville, 2007). The forms of integration included synchronised approaches 
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where similar content was taught in separate subjects, thematic approaches where various school 
subjects were linked by themes, and project-based approaches where students worked on projects 
and the subject boundaries were blurred. 
Implementing an integrated curriculum presents schools, especially secondary schools, with 
a number of challenges related to the ways schools are structured and the perceived high status of 
discipline-based subjects such as science and mathematics (Venville, Wallace, Rennie, & Malone, 
2002). For example, in secondary schools, teachers tend to have discipline-based qualifications and 
would need opportunities to work collaboratively with teachers of other disciplines. Timetabling 
arrangements and the location of teachers in discipline-based staffrooms may make such 
collaboration difficult. Furthermore, integrated approaches can be seen as reducing the academic 
standards of subjects compared to those of traditional approaches. These challenges were 
recognised by the COMPASS project (Maass et al., 2013), which sought to provide teachers with a 
number of interdisciplinary tasks that could be used within a discipline-based subject rather than 
promote an interdisciplinary curriculum per se. Such an approach is aligned with Venville at al.’s 
(2002) worldly perspective. These researchers did not see two distinct paradigms located at opposite 
extremes of a continuum, but rather a single perspective that incorporates both paradigms. They 
argued that knowledge is interconnected and a subject-based approach to curriculum is at odds with 
the nature of knowledge. However, the worldly perspective also acknowledges the importance of 
disciplinary knowledge but within a more holistic view of knowledge; thus the integrated and 
disciplinary paradigms are overlapping and complementary not mutually exclusive. 
Exploiting numeracy learning opportunities that exist in subjects across the curriculum is the 
second approach that enables students to develop their numeracy capabilities in subjects beyond 
mathematics classrooms. An analysis of Singaporean curriculum documents revealed many 
opportunities for numeracy to be developed in subjects across the curriculum (Kissane, 2012). 
Additionally, numeracy is seen as being part of all school subjects in Australia, Scotland, and 
Ireland (see ACARA, 2014a; Department of Education and Skills, 2011; Education Scotland, n.d., 
respectively). However, teachers need to be able to identify numeracy demands and opportunities 
within curriculum documents, design appropriate tasks, and implement these tasks in their 
classrooms for this approach to be successful. Furthermore, it could be argued that teachers are 
unlikely to fully embrace an across the curriculum approach to numeracy unless the potential for 
such an approach to enhance learning in the subjects they teach can be demonstrated. 
2.1.3 Embedding numeracy across the curriculum 
Teachers will be better able to support students’ numeracy development if they recognise 
that numeracy is their responsibility and that understanding inherent quantitative aspects allows 
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students to develop a deeper appreciation of subjects (Thornton & Hogan, 2004). Thornton and 
Hogan (2004) conducted a research project to support teachers to identify numeracy demands in the 
subjects they were teaching and implement strategies for enhancing students’ numeracy 
capabilities. These researchers were able to identify three idealised types of teachers: the separatist 
who recognised the importance of mathematical skills but believed that developing these skills was 
the responsibility of mathematics teachers, the theme-maker who recognised that links exist 
between mathematics and other subject areas, and so taught around themes where subject 
boundaries were blurred, and the embedder who 
recognizes that all learning areas [subjects] include quantitative elements that students need 
to understand. These quantitative elements are embedded within the context of other 
learning areas [subjects] and cannot be divorced from that context. A mathematical view of 
the world enriches students’ understanding of every other curriculum area. The embedder 
believes that every teacher is a teacher of numeracy (that is, of mathematics as it is 
embedded in their area of expertise), and has a responsibility to vigorously intervene in 
students’ learning of mathematics in that context. (Thornton & Hogan, 2004, p. 318) 
Thornton and Hogan (2004) were not explicit about how numeracy helps students to understand 
subjects across the curriculum. However, the embedder appears to have some of the affective 
attributes needed to support an across the curriculum approach to numeracy because this type of 
teacher sees numeracy as an integral part of subjects other than mathematics. This viewpoint could 
be seen as providing a purpose for teachers to promote numeracy learning through the subjects they 
teach, and has potential to provide motivation for teachers to actively seek opportunities to exploit 
numeracy learning opportunities in ways that enhance subject learning. 
Although numeracy can be viewed as an educational by-product that develops as a result of 
studies in a range of subjects (e.g., Lee, 2009), the importance of numeracy to conceptual 
understanding has been recognised in subjects across the curriculum. Social Studies is a subject that 
draws on a range of disciplines in order to help students to become informed citizens (National 
Council for Social Studies [NCSS], 2010). In order to achieve this goal, it has been argued that 
teachers of Social Studies need to pay explicit attention to inherent numeracy in this subject, 
especially critical aspects and necessary dispositions: 
What can a social studies teacher do since we are not teachers of mathematics? We can help 
students develop habits of mind that compel them to think about numeric data in a critical 
manner. We can help our students develop a certain level of statistical understanding in the 
context of what they study with us; we can teach them how to ask meaningful questions of 
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data; we can help them develop the habit of mind that pushes them to consistently look 
beyond the surface; and we can use mathematics in real world contexts that support the 
learning of social studies content. (Crowe, 2010, p. 109) 
Phillips (2002) argued that numeracy can make abstract historical concepts concrete. He illustrated 
this claim with a series of calculations designed to help students understand the historical 
significance and duration of the Atlantic slave trade. The profitability of each voyage coupled with 
information about the number of ships leaving from a single port in England make the economic 
significance of the slave trade apparent. Consequently, this practice endured for an extended period 
of time despite moral arguments against it. While not referring to numeracy per se, Blow, Lee, and 
Shemilt (2012) claimed that conceptual understanding in history involves thinking about the past as 
having structure and direction; therefore, an understanding of chronological conventions and 
“temporal concepts like ‘now’, ‘then’, ‘before’, ‘after’, ‘sequential’, ‘concurrent in time (= 
instantaneous)’ and ‘over time (= has duration)’” (p. 26) is needed. These concepts involve 
sequencing and scale, and so involve numeracy.  
Lack of well-developed numeracy capabilities can inhibit learning in subjects across the 
curriculum. For example, Quinnell, Thompson, and LeBard (2013) argued that learning science 
requires more than mathematical knowledge. These researchers maintained that teachers need to 
help students make connections between numeracy and the practice of science and, like Crowe 
(2010), identified the importance of dispositions and the critical aspects of numeracy: 
Students who appear to have difficulty exercising their quantitative skills may not lack the 
mathematical ability, but may need help to develop the inclination and sensitivities of how 
and where to implement these skills in more complex situations and the confidence to do so 
… Moreover, we propose that it is paramount to explicitly reveal to students that 
quantitative skills (what they deem to be “maths”) are interwoven within the sciences, and 
that the ability to use these skills fluidly and confidently by scientists is an essential part of 
practicing the discipline. (Quinnell et al., 2013, p. 84, emphasis in original) 
There are clearly connections that can be made between numeracy and learning in subjects 
across the curriculum. Much existing research either identifies numeracy as important for subject 
learning (e.g., Crowe, 2010; Quinnell et al., 2013) or implicitly identifies that numeracy is needed 
to enhance subject learning (e.g., Blow et al., 2012). However, there seems to be little research that 
links numeracy to specific curriculum goals in a way that demonstrates how promoting numeracy in 
subjects across the curriculum can also enhance subject learning. Three examples (Bennison, 2015) 
illustrate how the dual goals of providing opportunities for numeracy development and enhancing 
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subject learning can be achieved at the same time (Table 2.1): in history, budgeting can be used to 
help students develop the historical concept of empathy; in science, a timeline that incorporates 
measurement and scale can be used to help students understand the extent of geological time; and in 
mathematics, a situation of relevance to students can be used to develop problem solving skills. 
Other evidence of how numeracy enhances subject learning are presented in more detail later in this 
thesis. 
Table 2.1 
Examples of how Numeracy can be Embedded Across the Curriculum  
Curriculum area: 
Topic 
Description of task Curriculum goal 
History: 
Australia in 1900 
Students use information 
about weekly wages and the 
cost of daily requirements 
such as food and transport to 
prepare a weekly budget. 
To understand what life was 
like in Australia at the 
beginning of the twentieth 
century 
Science: 
Geological time 
Students construct a 
geological time scale using a 
roll of paper towel and a 
measuring tape. 
To understand the extent of 
geological time (i.e., how 
little time plant and animal 
life has existed when 
looking at the history of the 
Earth). 
Mathematics: 
Measurement 
 
Students determine the cost 
of floor tiles needed for the 
classroom and whether it is 
feasible to transport these 
from the place of purchase 
to school by car. 
To develop skills in using 
measuring tools and 
problem solving. 
 
Note. Reprinted from “Developing an analytic lens for investigating identity as an embedder-of-
numeracy” by A. Bennison, 2015, Mathematics Education Research Journal, 27, p. 6. Copyright 
2015 by Springer. Reprinted with permission. 
Research that investigates the factors that influence whether and how teachers of subjects 
other than mathematics promote numeracy learning across the curriculum is also lacking. The 
present study addresses this gap in the literature by investigating how a teacher’s identity influences 
her/his capacity to promote numeracy learning across the curriculum. 
2.1.4 Boundary objects and numeracy across the curriculum 
Boundary objects (Star & Greisemer, 1989) are artefacts that exist in two or more 
intersecting domains. These artefacts are flexible enough to be useful in both domains but strong 
enough to maintain their identity across domains: 
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[Boundary objects] inhabit several intersecting social worlds … and satisfy the requirements 
of each of them. Boundary objects are objects that are plastic enough to adapt to local needs 
and the constraints of the several parties employing them, yet robust enough to maintain a 
common identity across sites. They are weakly defined in common use, but become strongly 
structured in individual-site use.  (Star & Greisemer, 1989, p. 393, emphasis in original) 
Numeracy can be seen to involve being able to use a range of representational, physical, and digital 
tools (Goos et al., 2014). Many of the representational tools that are used to attend to the numeracy 
demands and opportunities in subjects across the curriculum can be considered as boundary objects; 
for example, a timeline in science or history is a number line in mathematics. The way in which 
teachers treat these artefacts can have an impact on both numeracy and subject learning. 
Star and Greisemer’s (1989) description of boundary objects is well suited to the 
representational tools that are used in subjects across the curriculum because these tools exist in 
both the world of each subject and the world of mathematics. The strong structure of boundary 
objects in individual-site use comes from the rules and conventions associated with the use of a 
particular artefact when used in mathematics or another subject. When teachers of non-mathematics 
subjects utilise boundary objects, they are likely to pay attention to the rules and conventions 
associated with the artefact in contextual use but may be unfamiliar with or overlook the rules and 
conventions associated with mathematical use of the artefact.  
There are two theoretical approaches that have been taken in research on the use of 
boundary objects and boundary crossing (Akkerman & Bakker, 2011): situated learning theories 
involving communities of practice (Wenger, 1998) and cultural-historical activity theory 
(Engeström, 1987). Both approaches have merit when considering the use of boundary objects to 
promote numeracy learning. However, only an activity theory approach seems to have been taken 
thus far. 
Venkat and Winter (2015) claimed that an activity theory approach could be used to 
investigate how teachers handled boundary objects in classrooms promoting numeracy learning. 
These researchers drew on the work of Hoyles, Noss, and Kent (2004) who argued that both 
mathematical and technological knowledge is needed when using digital technologies, such as 
graphics calculators, in mathematics classrooms. When seen in this way the digital technologies 
could be considered as boundary objects, existing in both the world of mathematics and the world 
of technology. Venkat and Winter were not explicit about the connections between their work and 
that of Hoyles et al. but seemed to see this flexibility in moving across the boundary between 
mathematics and technology as similar to the flexibility that teachers need when using boundary 
objects to promote numeracy learning. Venkat and Winter claimed that teachers “require facility 
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and flexibility with viewing situations from mathematical and contextual vantage points” (p. 576); 
in other words, the capacity to be able move across the boundary between the use of an artefact in 
context (i.e., a non-mathematical subject) and mathematics. 
In order to illustrate their argument, Venkat and Winter (2015) drew on excerpts from a pre-
service teacher’s use of a map in the South African school subject, Mathematical Literacy (SA 
DBE, 2011; see Section 2.1.2 for further details about Mathematical Literacy), and identified 
possible issues when boundary objects are treated differently in mathematical and contextual 
activities. A map is used to represent the location of places and can be used for estimating distances 
in contextual activities (e.g., history and other subjects), whereas the same artefact is a Cartesian 
plane in mathematics. Thus the artefact exists in both contextual and mathematical activities, each 
of which has associated conventions and rules. For example, the North or South coordinates 
(vertical component of the location) are given first when using a map, whereas the x-coordinate 
(horizontal component of the ordered pair) is given first when using a Cartesian Plane. Venkat and 
Winter concluded that teachers need to manage the “‘contingent’ expressions linked to the artefact 
on the situational side and the ‘official’ expressions relating to it on the mathematical activity side” 
(Venkat & Winter, 2015, p. 579) when dealing boundary objects; in other words, both a contextual 
and a mathematical perspective of the boundary object is necessary. 
The second perspective on boundary objects comes from situated learning theories involving 
communities of practice (Wenger, 1998). One of the characteristics of a community of practice is a 
shared history of learning. As part of developing this shared history, communities of practice create 
objects around which “negotiation of meaning becomes organized” (Wenger, 1998, p. 58) in a 
process called reification. These objects exist in more than one community of practice, and so they 
can be used to create connections between communities. Drawing on the work of Star and 
Greisemer (1989), Wenger saw these objects as boundary objects. While it is not the intention to 
claim that groups of teachers who teach the same subjects are a community of practice in the way 
Wenger used this term, these groups of teachers do have a shared set of practices and the artefacts 
that are used have particular meanings within each community. Consequently, these artefacts could 
be seen as having a contextual meaning in the practices of non-mathematics teachers and a 
mathematical meaning in the practices of mathematics teachers that includes the rules and 
conventions of mathematics. In this sense, these boundary objects bring together two essential 
dimensions of numeracy: context and mathematical knowledge. 
Venkat and Winter’s (2015) research involved a teacher promoting numeracy learning 
through a specialised mathematics subject and raises the question of how teachers of subjects other 
than mathematics treat the boundary objects that exist within the subjects they teach. From this 
viewpoint, and also because teacher identity was chosen as the analytic lens for the present study, 
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the boundary objects seen in observed lessons were analysed in terms of the meaning these 
boundary objects had for the teachers. Research in this area has the potential to identify how 
boundary objects could be utilised to enhance both numeracy and subject learning, thereby 
providing further justification for embedding numeracy in subjects across the curriculum beyond 
the sole purpose of enhancing students’ numeracy capabilities. 
2.1.5 Summary: a perspective on numeracy 
Numeracy describes the capacity to effectively deal with the mathematical demands of life 
but there are a number of related terms and a diversity of ways in which this capacity is interpreted. 
For the present study, numeracy is discussed in terms of the five dimensions that are seen in the 
numeracy model developed by Goos et al. (2014; see Section 2.1.1). While there are several 
approaches that can be taken to promote numeracy learning in schools (Section 2.1.2), the approach 
taken in Australia has been to see numeracy as part of subjects across the curriculum (ACARA, 
2014a). There is some evidence to suggest there is potential to promote both numeracy and subject 
learning through this approach, but there appears to be little research that explicitly attends to how 
numeracy can enhance subject learning (see Section 2.1.3). Making explicit links between 
numeracy and curriculum goals and understanding how teachers use boundary objects may 
contribute to knowledge in this area (see Section 2.1.4). There also appears to have been little 
numeracy-related research that focuses on factors that might influence whether and how teachers 
promote numeracy learning in subjects across the curriculum.  
Developing the capacity to promote numeracy learning involves teacher learning. Moreover, 
teachers of subjects other than mathematics may not necessarily see a role for themselves in 
promoting numeracy learning across the curriculum (e.g., Thornton & Hogan, 2004). For these 
reasons, teacher identity was used as the analytic lens for the present study. 
2.2 Teacher Identity 
Identity is a sociocultural phenomenon that Wenger (1998) described as the “pivot between 
the social and the individual” (p. 145). This construct has been used increasingly in research across 
a range of disciplines including psychology, anthropology, sociology, and education. However, the 
meaning of identity has been interpreted in a variety of ways (e.g., Gee, 2001; Holland, Skinner, 
Lachicotte, & Cain, 1998; Sfard & Prusak, 2005; Wenger, 1998) and many researchers assume that 
the meaning of the notion of identity is self-evident (Sfard & Prusak, 2005). This issue was 
apparent in a review of literature on teacher identity conducted by Beijaard et al. (2004). Teacher 
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identity was either not explicitly defined or defined in different ways in many of the studies 
reviewed by these researchers.  
There is a vast array of literature on identity and, more specifically, teacher identity. The 
purpose of this section is not to draw on this literature to provide a definition, nor to 
comprehensively explore the numerous ways in which teacher identity has been investigated by 
researchers. Rather, the overarching features of the conceptualisation of identity that informs the 
present study and some perspectives on teacher identity and its importance in educational research 
are presented. This discussion leads to a proposal of how teacher identity might be operationalised 
for the present study. 
2.2.1 Conceptualising identity 
Gee (2001) described identity as “Being recognised as a certain ‘kind of person’ in a given 
context” (p. 99) through actions, values, beliefs, spoken words, and the interactions a person has 
with others. He described four interrelated perspectives on identity along with how these types of 
identities are formed and sustained. The first two perspectives, nature identity and institutional 
identity, are ascribed to an individual by nature and by institutions, respectively. These forces are to 
a large degree beyond the control of the individual. The third type of identity, discourse identity, 
emanates from what is said about an individual by themselves and other people. Sfard and Prusak 
(2005) built on this perspective and defined identity as “those narratives about individuals that are 
reifying, endorsable and significant” (p. 16, emphasis in original). As such, these stories describe 
who a person currently is, always hold for that individual, and are considered significant because 
any change in the stories indicates a change in identity. 
For Wenger (1998), identity is part of a broader framework for a social theory of learning 
that includes three other components: meaning, practice, and community. He described these four 
components as “deeply interconnected and mutually defining” (Wenger, 1998, p. 5). In Wenger’s 
framework identity is a “lived experience of participation in specific communities” (p. 151) in 
which meaning is negotiated by engaging in a number of communities of practice (Lave & Wenger, 
1991; Wenger, 1998). This conceptualisation of identity is aligned with Gee’s (2001) affinity 
identity (his fourth perspective on identity) that results from an individual’s participation in “a set of 
distinctive practices (p. 105, emphasis in original). However, this view contrasts with that of Sfard 
and Prusak (2005) who, while agreeing with Wenger that identities originate in practice, claimed 
that identity involves how these practices are seen and talked about rather than actual engagement 
in the practice. The narrative approach taken by Sfard and Prusak has shown promise in their 
research and that of others (e.g., Bjuland, Cestari, & Borgersen, 2012; Graven & Buytenhuys, 2011) 
and has similarities with the views of Wenger and Gee. However, teacher participation in practices 
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which promote numeracy learning was an important aspect of the research reported on in this thesis, 
and so the conceptualisation of identity used in the present study is aligned with that of Wenger. 
Such an approach is consistent with that of Enyedy et al. (2005) who utilised Sfard and Prusak’s 
narrative definition of identity but claimed that teacher identity and practice needed to be 
considered simultaneously. 
An individual participates in a number of communities, and therefore will have a number of 
identities that depend on the practices and contexts of each community (Wenger, 1998). Identity 
development involves reconciliation of these multiple identities into what Gee (2001) has called a 
core identity that holds across contexts. Although not referring specifically to communities of 
practice, Gresalfi and Cobb (2011) highlighted how contexts contribute to the way in which a 
teacher develops a personal identity. They drew on their own work, which defined the normative 
identity for teaching as the set of attributes necessary to be considered competent in a particular 
context, and that of Gee, who described affinity and institutional identities. This allowed them to 
explain why teachers might not adopt pedagogical practices promoted in a professional 
development context if these practices are inconsistent with the standards to which they are held 
accountable by the school and district authorities, such as covering content for state testing. Gresalfi 
and Cobb referred to the teacher identities that existed within these practices as the affinity 
normative identity of the professional development context and the institutional normative identity 
of the teacher’s school, respectively. Environmental and social factors that shape a teacher’s 
identity, such as constraints imposed by state testing and expectations of colleagues in each setting, 
are explicit. However, learning contributes to identity development (Wenger, 1988) so cognitive 
processes are also involved. These intrapersonal processes are implicit in Gresalfi and Cobb’s 
conceptualisation of identity as teacher learning is facilitated in the professional development 
context. 
Another important feature of identity is its dynamic nature (Beijaard et al., 2004; Holland et 
al., 1998; Wenger, 1998). Wenger (1998) claimed that identity development involves a learning 
trajectory that connects the past, the present, and the future. Consequently, learning provides a 
mechanism for moving from a current to a future identity and a context that enables an individual to 
determine what is important and what is not; in other words, “what contributes to our identity and 
what remains marginal” (p. 155). As a result, an individual can act as an agent in his or her own 
identity development. The contribution of agency to identity development is also seen in Gee’s 
(2001) achieved discourse identity where individuals author their own identity through the stories 
they tell about themselves and affinity identity where they choose whether or not to participate in 
certain activities. While Sfard and Prusak (2005) built on the notion of a discourse identity, they 
were critical of Gee’s perspective because it did not explicitly acknowledge the important role of 
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learning in providing a means whereby an individual can move from their actual identity to their 
designated identity. 
While there is no intention to claim that the features identified in the preceding discussion 
are the only important features of identity, these are relevant features of identity for the current 
study: identity development involves participation in practices, the context in which participation 
takes place is important, multiple identities exist, identity is dynamic and involves learning, and an 
individual can exercise agency. The discussion thus far has focused on identity in a general sense 
and now turns to the use of this construct in educational research involving teachers6. 
2.2.2 Identity and teachers 
Teacher identity (also referred to by other terms including identity and teacher professional 
identity) is seen by many researchers as providing useful insights into the learning and practices of 
teachers. Research on teacher identity has involved both pre-service (e.g., de Freitas, 2008) and 
practicing teachers (e.g., Goodnough, 2011) and has been conducted from a variety of theoretical 
and methodological perspectives. Philosophical stances have included sociocultural (e.g., Enyedy et 
al., 2005; Lasky, 2005), phenomenological (e.g., Goodnough, 2011) and poststructuralist (Walshaw, 
2010) perspectives while methodological approaches have included narrative inquiry (e.g., Bjuland 
et al., 2012), ethnography (e.g., Graven, 2004; Graven & Buytenhuys, 2011), and action research 
(e.g., de Freitas, 2008; Goodnough, 2011). 
From a sociocultural perspective, identity is an important part of learning (Wenger, 1998), 
and so is likely to be an important aspect of the ongoing development of teachers. Sachs (2005) 
argued that, in addition to acquiring the necessary knowledge and skills, learning to be a teacher 
involves developing an understanding of what it means to be a teacher, thus becoming a teacher 
involves developing a teacher identity. She highlighted the significance of this process by 
describing teacher identity in the following manner: 
Teacher professional identity then stands at the core of the teaching profession. It provides a 
framework for teachers to construct their own ideas of ‘how to be’, ‘how to act’, and ‘how 
to understand’ their work and their place in society. Importantly, teacher identity is not 
something that is fixed nor is it imposed; rather it is negotiated through experience and the 
sense that is made of that experience. (Sachs, 2005, p. 15) 
This portrayal echoes the features of identity highlighted in the previous section and makes 
reference to three of the four essential features of teacher identity recognised by Beijaard et al. 
6 The construct of identity has also been used in educational research involving students but 
research in this area is not considered in the following section.  
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(2004): that teacher identity is an ongoing process, involves both the person and the context, and 
agency is an important element. Sachs (2005) did not mention sub-identities (Beijaard et al., 2004) 
or multiple identities (Gee, 2001), probably because she was discussing teacher education programs 
and the types of teacher identities they promote, thus her focus was on the overall or core identity 
(Gee, 2001) of pre-service teachers. 
Some researchers have recognised the importance for teachers to develop strong teacher 
identities because such identities enable teachers to exercise agency more effectively and be less 
prone to accepting existing practices in schools. Teacher learning involves changes to teacher 
knowledge, teacher knowing, teacher practices, and teacher identity (Kelly, 2006). However, 
practices that are promoted through teacher professional development activities or pre-service 
teacher education programs may be contrary to the accepted practices in a school. As seen in 
Gresafli and Cobb’s (2011) study, this mismatch can lead to teachers making particular 
instructional decisions that are not necessarily aligned with their espoused beliefs (see Section 
2.2.1). Kelly (2006) argued that if teachers are aware of issues of teacher identity, then they might 
be able “to develop more robust preferred identities” (p. 514). He contended that these preferred 
identities might enable them to be resilient to existing practices. Kelly was referring to instrumental 
approaches that included preparing students for national tests and meeting performance targets that 
accompanied the introduction of a National Curriculum in England in the 1990s. Furthermore, 
Beauchamp and Thomas (2009) recognised the influence of contextual factors (e.g., teaching 
colleagues, the nature of the school, students) on shaping the identities of beginning teachers. These 
researchers called for pre-service teacher education programs to prepare “new teachers for the 
challenges of developing strong professional identities” (p. 186). 
The complexity of teacher identity seems to have resulted in some researchers focusing on 
particular aspects in empirical studies rather than taking a holistic view. The studies that are 
presented here provide some, albeit limited, indication of the diversity of factors that have been 
shown to influence teacher identity. Enyedy et al. (2005) saw teacher identity as including but not 
limited to beliefs, goals, and knowledge. They investigated the reasons why two teachers 
implemented a new environmental science curriculum in different ways and attributed the teachers’ 
differing practices to differences in their identities. Enyedy et al. described the teachers’ identities 
in terms of beliefs about the nature of teaching and learning and the nature of science, goals for the 
classroom and instruction, and knowledge of science and pedagogy. In a study that also involved 
science teachers, Goodnough (2011) viewed teacher identity “as involving teacher beliefs, values, 
and emotions about many facets of teaching and being and becoming teachers” (p. 76). The teachers 
in her study participated in collaborative action research. Goodnough claimed that these teachers 
“developed new understandings of what it means to be a teacher and hence transformed many 
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aspects of their teacher identities” (p. 83). The teachers reported enhanced confidence in teaching 
science, increased self-efficacy, changes in their views about learners, and increased pedagogical 
content knowledge. Thus, it could be argued that these factors, along with critical reflection, which 
is part of the action research process (McAteer, 2013), contributed to the development of the 
teachers’ identities. The importance of critical reflection in shaping teacher identities was also 
evident in studies conducted by de Freitas (2008) and Bjuland et al., (2012). De Freitas used a 
narrative approach to investigate pre-service teachers’ identity construction in relation to social 
justice issues, while Bjuland et al. used reflective narratives as evidence of the teacher identity of a 
primary school teacher during a three-year research and development project. Williams (2011) used 
the biographical narratives of two teachers in order to understand how each had come to be the type 
of teacher they were; in other words, how each teacher’s identity had developed. These narratives 
drew on each teacher’s life history and included information about the teacher’s family and 
background along with school, university, and teaching experiences. 
Teacher identity has also been examined as part of broader frameworks. These studies 
reveal additional factors that contribute to how a teacher’s identity develops. Graven (2004) used 
Wenger’s (1998) framework of meaning, practice, identity, and community. Finding that the 
teachers in her study increasingly mentioned confidence as the study progressed led Graven to see 
confidence as “part of an individual teacher’s ways of learning through experiencing, doing, being, 
and belonging. As such it is deeply interconnected with learning as changing meaning, practice, 
identity, and community” (p. 179). Graven argued that confidence could be added to Wenger’s 
framework as a fifth overarching component. The interconnected nature of each of the components 
means that it could be argued that confidence is a factor that influences identity.  
For Hobbs (2012), teacher identity along with knowledge and passion are part of the 
aesthetic dimension of teaching that connects teacher knowledge and a teacher’s response to that 
knowledge. She claimed that aesthetic understanding was needed for teachers to identify with a 
subject both personally and professionally, something that may not happen when teaching out of 
field; that is, without formal teaching qualifications in a subject. Hobbs (2012) investigated how the 
three teachers in her study (Rose, Pauline, and Donna) saw themselves in relation to the subjects 
they were teaching and drew on their past experiences in much the same way as Williams (2011) 
did in his study: Rose had always wanted to be a teacher and, although she was a qualified 
mathematics and science teacher, her identity was concerned with being a teacher generally rather 
than related to a discipline; Pauline was also a qualified mathematics and science teacher but with a 
major in physics and saw herself “as a science teacher rather than a mathematics teacher” (p. 723); 
and Donna, who had studied zoology and ecology at university prior completing her pre-service 
teacher education, saw herself as a science teacher even though she was also teaching mathematics. 
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Lasky (2005) took a different approach and investigated teacher identity, agency, and professional 
vulnerability. She found that teacher identity was shaped by teacher beliefs about what it means to 
be a good teacher and that these beliefs were mediated by teachers’ experiences and their political 
and social context, both past and present. 
Understanding teacher identity provides insights into why teachers make particular 
instructional decisions (e.g., Enyedy et al., 2005; Gresalfi & Cobb, 2011) and why teachers 
implement learning from professional development activities in different ways (e.g., Battey & 
Franke, 2008). For example, Enyedy et al. (2005) claimed that the decisions teachers make in the 
classroom when there are conflicting considerations could be directly linked to aspects of their 
teacher identity. This synthesis and critique of the literature suggests that teacher identity is an 
important analytic lens (Gee, 2001) through which to see and understand the ongoing development 
of teachers. However, defining teacher identity in a way that makes this construct operational is one 
of the challenges of using identity in educational research (Sfard & Prusak, 2005).  
2.2.3 Operationalising teacher identity 
Operationalising teacher identity involves defining this construct in a manner that strikes a 
balance between capturing the complexity of teacher identity and imposing onerous limitations on 
empirical studies. Sfard and Prusak (2005) used a narrative definition of identity (see Section 2.2.1) 
in order to operationalise identity for their empirical research. An alternative approach is to define 
identity (specifically teacher identity, in the case of the present study) in terms of the factors that 
have been shown to contribute to identity development. Such an approach would have practical 
limitations because of the number of the factors that have been identified in previous research. 
However, these factors seem to fall into five broad categories: knowledge, beliefs and attitudes, 
social interactions, past experiences, and professional context. For example, each of these 
categories can be seen in Philipp’s (2007) definition of (teacher) identity: 
[Identity is] the embodiment of an individual’s knowledge, beliefs, values, commitments, 
intentions and affect as they relate to one’s participation within a particular community of 
practice; the ways one has learned to think, act and interact. (p. 259) 
The cognitive, affective, and social dimensions of teacher identity are also seen in the framework 
for mathematics teacher identity developed theoretically by Van Zoest and Bohl (2005). In this 
framework the cognitive dimension (called Aspects of Self-in-Mind) was separated into a 
knowledge domain and an affective domain that included beliefs, intentions, and commitments. The 
social domain (called Aspects of Self-in-Community) was constituted by the teacher’s participation 
in a number of communities of practice (Wenger, 1998). However, neither Philipp’s (2007) 
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conceptualisation of teacher identity nor that of Van Zoest and Bohl operationalises this construct 
for empirical studies as called for by Sfard and Prusak (2005). Phillip’s definition is quite general 
and, despite claiming their framework had theoretical strength, Van Zoest and Bohl conceded that 
the multi-faceted nature and lack of definition of individual characteristics would make their 
framework difficult to use in empirical studies. 
Although Van Zoest and Bohl’s (2005) framework is not amenable to empirical research, its 
organisational structure is useful as a starting point for operationalising teacher identity. This 
structure enables the knowledge, affective, and social domains of teacher identity to be examined 
separately but also recognises the potential for factors within each of the domains to interact. There 
appear to be two additional domains that are also important in shaping a teacher’s identity. Phillip’s 
(2007) definition of teacher identity, along with other research (e.g., Williams, 2011) and Wenger’s 
(1998) conceptualisation of identity recognise the importance of past experiences in shaping 
identity, thereby suggesting the inclusion of a domain related to an individual’s past experiences. 
Secondly, a teacher’s participation in various communities takes place in an environment that is 
structured by external factors that, while not directly part of a teacher’s identity, can influence the 
teacher’s practice (Kelly, 2006), and therefore shape their identity. These factors could be 
considered as part of a domain that encompasses a teacher’s professional context. These two 
domains are not explicitly included in Van Zoest and Bohl’s framework, but it could be argued that 
past experiences and professional context are implicitly included in this framework as a teacher’s 
current knowledge and affective attributes depend on past experiences, and how a teacher 
participates in a particular community is influenced context in which the participation takes place 
(e.g., Gresalfi & Cobb, 2011). 
The framework for mathematics teacher identity developed by Van Zoest and Bohl (2005) 
includes a number of factors within each of the three domains (knowledge; beliefs, commitments 
and intentions; and social). For example, within the knowledge domain these researchers drew on 
the work of Shulman (1987) to include three broad categories of knowledge: content and 
curriculum, pedagogy, and professional participation. However, the factors that Van Zoest and Bohl 
included in their framework for mathematics teacher identity were not exhaustive. For example, 
Beauchamp and Thomas (2009) used a review of literature to examine some of the challenges of 
using teacher identity in empirical research. Some of the factors that these researchers included in 
their discussion were the role of emotion, reflections, and contextual factors in shaping teacher 
identity (see Section 2.2.2 for a discussion of other factors). 
One way of overcoming the problems associated with operationalising teacher identity, 
some of which were identified in this section, is to invoke the situated nature of identity (Wenger, 
1998) and theoretically construct a framework by selecting those factors previously shown to 
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contribute to teacher identity that have particular relevance in a given situation. As each of the 
multiple identities that a teacher has is situated in a particular set of practices, the factors that 
influence these practices will shape each particular identity (Wenger, 1998). Hence, it is possible to 
theorise about what factors might influence a teacher’s identity in a particular situation. A 
framework for teacher identity developed in this manner would then include those factors that seem 
to have most influence for that particular situation, thereby operationalising teacher identity for the 
situation. 
2.2.4 Summary: a perspective on teacher identity. 
Identity has been conceptualised and researched in a number of different ways across a 
broad range of disciplines. The main features of the conceptualisation of identity employed in this 
study were outlined in Section 2.2.1. Teacher identity has been shown to provide useful insights in 
educational research with many researchers using this construct. However, identity is difficult to 
use in empirical research because of its multi-faceted nature (see Section 2.2.2). Taking advantage 
of the situated nature of identity and theoretically constructing a conceptual framework for a 
particular situation may be one way of operationalising teacher identity (see Section 2.2.3). 
However, a framework developed in this manner contributes little to understanding teacher identity 
because the approach is taxonomic; that is, it enables factors that contribute to shaping teacher 
identity to be identified and classified as belonging to particular domains. An additional theoretical 
framework is needed to understand how identified factors interact to form particular teacher 
identities how these identities might change over time. 
2.3 A Sociocultural Perspective on Teacher Identity 
Lerman (2001) saw teacher learning as the ongoing development of teacher identities and 
has advocated for the use of sociocultural approaches to understand this learning. He identified 
approaches based on communities or practice (Lave & Wenger, 1991; Wenger, 1998), activity 
theory, and postmodern approaches as having potential to provide insights into the developing 
identities of teachers. Another theoretical perspective that has potential to contribute to 
understanding teacher identity, including the dynamic nature of this construct, is Valsiner’s (1997) 
zone theory. This theoretical framework has been used in different ways in mathematics education 
research in order to provide insights into both teacher and student learning. 
There are three purposes for this section. Valsiner’s (1997) zone theory is discussed in some 
detail to illustrate how this theoretical framework is aligned with the conceptualisation of identity 
employed in the present study (see Section 2.2.1). This theoretical framework was developed as a 
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way of viewing children’s development, so some adaptations are needed in order to utilise it in 
educational research. Thus, the second purpose is to discuss how Valsiner’s zone theory has been 
used in mathematics education research and the potential insights it can provide into teacher 
identity. Goos (2013) has argued that Valsiner’s zone theory could be used to understand teacher 
learning and inform research that seeks to change practice. Consequently, the third purpose is to 
explain how Valsiner’s zone theory has potential to provide insights into teachers’ identity 
development in the context of promoting numeracy learning and to make suggestions about how 
they could be supported to strengthen this identity. 
2.3.1 Valsiner’s zone theory 
Drawing on the work of Vygotsky and other psychologists, Valsiner (1997) viewed 
development as the result of interactions between an individual and their social context 
(microgenesis) that result in new ways of behaving. These new behaviours are subsequently 
internalised (ontogenesis) and become part of the individual’s repertoire. The process is cyclic with 
the individual’s new state of development influencing subsequent microgenetic interactions, and 
therefore the individual’s future developmental possibilities. However, not all development that is 
possible actually occurs. Valsiner conceptualised this developmental process as the interaction 
between three zones: zone of proximal development (ZPD), zone of free movement (ZFM), and 
zone of promoted action (ZPA). He described these zones as “abstract organizational devices of a 
transient nature” (p. 188) with “bounded indeterminacy” (p. 191); in other words, these zones are 
dynamic and well-defined in some areas but ill-defined in other areas. 
Valsiner took Vygotsky’s (1978) zone of proximal development (ZPD) and redefined this 
zone as the collection of ways that an individual could develop as a result of interactions with their 
environment and the people in it. Consequently, this zone depends on the physical attributes, 
knowledge, and skills that an individual brings to a situation and includes developmental 
possibilities that may not occur. To represent the microgenetic interactions, Valsiner defined two 
additional zones: the zone of free movement (ZFM) and the zone of promoted action (ZPA). The 
ZFM included both external and internal constraints that influence how the individual is able to act; 
therefore, the ZFM determines what development is allowed under the existing conditions. The 
environment imposes the external constraints, whereas internal constraints are the result of 
socialisation and include beliefs and expected ways of acting. Valsiner argued that although internal 
constraints are not evident they could be inferred from an individual’s actions and their reflections 
about these actions. He defined the ZPA as “a set of activities, objects; or areas of the environment, 
in respect of which the person’s actions are promoted.” (p. 192). A key feature of this zone is that, 
except where the ZPA and ZFM are identical, the individual is free to accept or reject the actions 
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that are promoted. Consequently, while the ZFM can be seen as inhibiting development, the ZPA 
promotes development and includes an active role for the individual. As the ZFM and ZPA work 
together, Valsiner suggested that these two zones be considered as a ZFM/ZPA complex. He argued 
that development could be directed (canalised) by structuring successive ZFM/ZPA complexes for 
the learner. Eventually, especially in the case of child development, the ZFM/ZPA complex 
becomes internalised and the individual becomes self-regulating. 
According to Valsiner’s (1997) theoretical framework, development can only occur if the 
constraints that exist in an individual’s ZFM allow the actions that are being promoted in the ZPA; 
in other words, there must be overlap between the individual’s ZFM and ZPA with the ideal 
situation, assuming that the promoted actions are desirable, being that all promoted actions are 
allowed (i.e., the ZPA is a sub-set of the ZFM). These allowed and promoted actions must also be 
within the individual’s set of possibilities for development (i.e., within the individual’s ZPD); 
therefore, there must be some overlap when the individual’s ZPD is mapped onto their ZFM/ZPA 
complex. Some researchers have represented these interactions as intersecting, and sometimes 
disjoint, circles (e.g., Blanton, Westbrook, & Carter, 2005; Goos, 2005) to help conceptualise 
particular zone configurations. This depiction of the three zones, as regions with clearly defined 
boundaries, departs from the bounded indeterminacy of Valsiner’s zones by suggesting that the 
zones have sharp boundaries and that the content of each zone is fully known. Another limitation of 
this portrayal of the zones is that the dynamic nature of the developmental process is not captured; 
instead the situation is represented at a point in time. Although representing the zones in this way 
has some uses, this diagrammatic representation was not used to portray the zone configurations of 
the teachers who participated in the present study. 
Even though much of Valsiner’s (1997) work was on child development, he argued that his 
theory had broader application and could be used to understand human development in general. He 
identified education, where teachers structure the development of students and the ZFM/ZPA 
complex remains observable, as one area where this theoretical framework could be utilised. This 
suggests that a zone theory approach may also be useful in gaining insights into teacher learning, 
and therefore identity development. Although Valsiner did not explicitly include identity in his 
theoretical framework, his approach is consistent with situated learning theories in which learning 
contributes to identity development (Wenger, 1998). The practices in which an individual 
participates occur under the influence of a ZFM/ZPA complex, the cyclic process of development 
under the influence of successive ZFM/ZPA complexes may be a way of capturing the dynamic 
nature of identity. Furthermore, the individual agency in identity development could be 
accommodated by the freedom an individual has to accept or reject actions that are promoted 
through the ZPA (see Section 2.2.1). 
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2.3.2 A zone theory approach to understanding learning  
Researchers who have used Valsiner’s (1997) zone theory in mathematics education 
research have utilised the ZFM/ZPA complexes created by the teacher for students or the 
ZFM/ZPA complexes experienced by the teacher. Some of this research is reviewed in order to 
illustrate how differing zone configurations may be used to make suggestions about ways to 
promote teacher learning and thus contribute to teacher identity development. 
Although the focus of studies by Blanton et al. (2005) and Bansilal (2011) was not on 
teacher learning, these studies illustrate how the configuration of the three zones influences 
development and enables analysis of why learning may or may not have occurred. The approach 
taken by both Blanton et al. and Bansilal was to examine the ZFM/ZPA complexes created by the 
teacher for students. Blanton et al. claimed that the ZFM/ZPA complex that a teacher structures for 
students through classroom practices could provide insights into the teacher’s ZPD, thus providing 
access to the ontogenetic processes of this significant aspect of human development. In these 
researchers’ interpretation of Valsiner’s (1997) zone theory, the ZPA was contained within the 
ZFM and the only actions that were promoted were those that were also allowed. Blanton et al. 
found instances in their study where teachers professed to promote particular actions but did not 
permit these actions in the classroom. For example, one teacher professed to promote conjecturing 
and argumentation but limited students’ opportunities to engage with these activities by employing 
only short answer and leading questions. These researchers claimed that an additional zone, the 
illusionary zone of promoted action (IZ), was needed to account for those actions that the teachers 
professed to promote but did not allow. According to Blanton et al., partitioning the promoted 
actions into a ZPA and IZ gave an indication of the teachers’ ZPD, and therefore some indication of 
how the teachers in their study could be assisted to create an expanded ZFM for students. However, 
such partitioning appears to be unnecessary as the “ZPA can include areas that are outside the 
ZFM” (Valsiner, 1997, p. 193). 
From the perspective of the learners (i.e., the students) in the study of Blanton et al. (2005), 
there was insufficient overlap in the ZFM/ZPA complex created by the teacher for student learning 
to occur. In the example given earlier, the type of questioning employed by the teacher did not 
permit the actions the teacher wanted to promote (i.e., conjecturing and argumentation); in other 
words, the ZFM and ZPA were disjoint. However, overlap of the ZFM and ZPA does not guarantee 
learning. Bansilal (2011) also invoked the ZFM/ZPA complex created by the teacher but 
investigated student learning. Her study was conducted in the context of the introduction of a 
national external assessment in South Africa.  She found an absence of student learning when 
instructional decisions made by a teacher were analysed as a series of ZFM/ZPA complexes. The 
teacher’s intention was to foster deep mathematical understanding but her school context (large 
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classes and lack of resources), curriculum requirements, task demands, and her perceptions of 
student capabilities constrained her pedagogical approach (i.e., the ZFM/ZPA she created for 
students). Bansilal concluded that student learning did not occur because students’ did not have the 
background knowledge to access the task and the teacher’s pedagogic approach did not help them to 
develop this knowledge; in terms of the three zones, there was no overlap between the students’ 
ZPD and their ZFM/ZPA complex. 
Hussain, Monaghan, and Threlfall (2013) also used Valsiner’s (1997) zone theory in 
research in a classroom setting to investigate the interactions between the ZFM/ZPA complexes of 
both teacher and students. These researchers were interested in how two ZFM/ZPA complexes, one 
created by the teacher for students and the other experienced by the teacher, interacted and changed 
over time. In their study of an intervention designed to promote inquiry based learning, Hussain et 
al. found that students, colleagues, and administrators influenced the ZFM/ZPA complex of the 
teacher. Subsequent changes to the teacher’s classroom practice led to changes to the ZFM/ZPA 
complex the teacher created for students. Successive iterations of this process resulted in both 
teacher and student learning. Hussain et al. did not consider the ZPD of the teacher or those of 
students, identifying two issues with this construct in empirical research. These researchers argued 
that empirical observations reveal the actualisation of part of an individual’s ZPD rather than the 
ZPD itself and secondly, they considered the ZPD in a classroom to be “mutually constituted” (p. 
301) rather than attributable to individuals. 
Employing Valsiner’s (1997) zone theory to provide insights into teacher learning requires 
consideration of how the ZFM/ZPA complex experienced by the teacher interacts with the teacher’s 
ZPD. The ZPD involves internal processes thus making it difficult to identify contributing factors 
through empirical research. This was the reason given by Blanton et al. (2005) for using the 
ZFM/ZPA complexes created by the teacher to make inference about the ZPDs of the teachers who 
participated in their study. Hussain et al. (2013) conceded that the ZPD could be used as a 
theoretical construct, citing the work of Blanton et al. (2005) and Goos (2005) as examples of how 
this construct could be employed in empirical research. Goos (2005) described the ZPD as a 
“symbolic space” (p. 37) and mapped factors known to influence teachers’ use of technology onto 
the ZPD, ZFM, and ZPA of participating teachers. She saw pedagogical knowledge and beliefs 
along with the experience and existing skills of the teacher as contributing to the ZPD. The goal of 
her study was to understand how these teachers developed identities as users of technology as they 
moved from pre-service to beginning teachers. Although she did not explicitly define what she 
meant by identity as a user of technology, her analysis involved categorising participant responses 
to interview questions as elements of the ZPD, ZFM, and ZPA then filling in the zones to examine 
how the changing relationships between the zones shaped a teacher’s identity. Recently, Goos 
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(2013) argued that a zone theory approach also provides a way to understand how teachers learn 
from their experiences and change over time. Teacher learning was a central focus in her study, so 
this approach has potential to enable sense to be made of the interactions that occur between the 
cognitive, affective, social, context, and life history aspects associated with teacher identity. 
2.3.3 Using a zone theory approach to understand teacher identity 
Goos (2013) interpreted the zone of proximal development (ZPD) as the set of possible 
ways in which a teacher might develop, the zone of free movement (ZFM) as the constraints and 
affordances provided by the teacher’s professional context, and the zone of promoted action (ZPA) 
as activities that the teacher can be involved in that promote certain ways of teaching. She claimed 
that such an approach enables the complexity of teacher learning and development to be analysed, 
while still allowing for the influence of the teacher to direct their own learning by seeking out 
professional development or modifying their environment (i.e., by reorganising elements of their 
ZPA and ZFM, respectively).  This view is aligned with the role that individual agency plays in 
identity development. 
In addition to understanding teacher learning, Goos (2013) argued that Valsiner’s (1997) 
zone theory could be used to design interventions that change teachers’ knowledge, beliefs, and 
practices by utilising a teacher’s current zone configuration to identify barriers to development. She 
cautioned that, although this approach could direct (or canalise) development in a number of 
possible ways, the outcome depended on how the teacher interpreted and responded to the 
intervention. This perspective is relevant in the present study because identifying factors that 
influence how teachers promote numeracy learning in the subjects they teach has potential to 
identify barriers to teachers developing a strong preferred teacher identity (Kelly, 2006) in relation 
to numeracy.  
Although the studies of Blanton et al. (2005) and Bansilal (2011) involved student learning 
rather than teacher learning, they can be used to provide insights into the interventions that the 
teachers in these studies might employ to canalise student learning. In order to do so, the ZFM/ZPA 
complex needs to be viewed from the student’s perspective. In Blanton et al.’s study, there appeared 
to be no overlap between the ZFM and the ZPA experienced by students that would have enabled 
them to develop their mathematical thinking through inquiry. Consequently, these students would 
need to experience an expanded ZFM, as suggested by Blanton et al., in order to have the 
opportunity to actualise the possibilities within their ZPD for this type of learning. The teacher 
generally creates the ZFM in a classroom, giving students little freedom to change this zone. It 
could be argued that teachers have greater freedom to restructure their own ZFMs (e.g., Goos, 
2013) but are only likely to do so if they can see the benefits of making these changes. This is 
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analogous to teachers changing their practices as a result of professional learning if they regard the 
changes as worthwhile (Gresalfi & Cobb, 2011). However, as seen with Bansilal’s students, even if 
promoted actions are allowed (i.e., there is overlap between the ZFM and ZPA), these actions must 
also be within the developmental possibilities of learners; in other words, there must also be overlap 
between the ZPD and ZFM/ZPA complex. By extension, it could be argued that those designing 
professional development interventions for teachers need to ensure that the activities that are being 
promoted are allowed within the teachers’ professional context and that the participants can develop 
the necessary knowledge and affective attributes to access the ideas that are presented.  
The use of Valsiner’s (1997) zone theory to analyse teacher identity development in relation 
to promoting numeracy learning across the curriculum is explored more fully in Section 4.3. 
2.3.4 Summary: a sociocultural perspective on teacher identity 
Valsiner’s (1997) zone theory is a sociocultural approach that has potential to provide 
insights into the developing identities of teachers. The relevant features of this theoretical 
framework and how it is consistent with the conceptualisation to identity used in the present study 
are outlined in Section 2.3.1. Valsiner’s zone theory has been employed in a number of different 
ways to provide insights into both teacher and student learning (see Section 2.3.2). The approach 
taken by Goos (2013) has potential to contribute to understanding and shaping teacher learning, and 
so has particular relevance for the present study (see Section 2.3.3): there is potential to identify 
ways to assist teachers to develop a strong teacher identity in relation to numeracy across the 
curriculum. Consequently, the present study explored how Valsiner’s zone theory might be used in 
conjunction with the framework for identity as an embedder-of-numeracy to contribute to 
identifying ways to support teachers to promote numeracy learning across the curriculum. 
2.4 Chapter Summary and Conclusions 
Perspectives on numeracy, teacher identity, and a sociocultural approach to teacher identity 
were presented in the chapter. Several gaps were identified in the existing literature in relation to 
numeracy and teacher identity. First, evidence of how teachers of subjects across the curriculum can 
promote both numeracy and subject learning is lacking. Second, there is little research in relation to 
the use of boundary objects in subjects across the curriculum. Finally, teacher identity needs to be 
operationalised if it is to be employed to find ways to support teachers to promote numeracy 
learning through the subjects they teach. 
The importance for individuals to be numerate if they are to effectively participate in 
modern life has been acknowledged for some time (e.g., Department of Education and Youth 
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Affairs [DETYA], 2000) and governments are increasingly recognising the importance of a 
numerate society (e.g., Council of Australian Governments [COAG], 2008; European Commission, 
2011). However, one of the challenges of conducting research on numeracy is the number of terms 
used for this concept and the range of perspectives taken. As a result, researchers need to be explicit 
about the interpretation of numeracy that underpins any study and findings may be limited to the 
context in which the study was conducted (Geiger, Goos, & Forgasz, 2015). The interpretation of 
numeracy articulated through the numeracy model developed by Goos et al. (2014) underpins the 
present study (see Section 2.1.1), which was conducted in Australia where numeracy is seen as an 
integral part of subjects across the curriculum (ACARA, 2014a). 
Three approaches for promoting numeracy learning were identified in the literature (see 
Section 2.1.2). An across the curriculum has shown promise (Geiger, Goos, & Forgasz, 2015) but 
there are two potential issues: (1) teachers of subjects other than mathematics may see numeracy as 
something extra to be added to an already crowded curriculum (e.g., Carter et al., 2015), and (2) 
boundary objects (Star and Greisemer, 1989) that exist in subjects across the curriculum may 
present challenges for teachers who do not have formal training in mathematics. Although there is 
some evidence in the literature that illustrates the importance of numeracy to subject learning (see 
Section 2.1.3) and on the use of boundary objects to promote numeracy learning (see Section 2.1.4), 
such evidence is scant. 
Teachers have different perspectives of their role in relation to promoting numeracy in 
subjects other than mathematics (e.g., Thornton & Hogan, 2004); and their capacity to do so is 
likely to be influenced by a wide range of factors. Furthermore, teacher learning will be part of 
developing the capacity to promote student numeracy learning. These considerations led to teacher 
identity being chosen as an appropriate analytic lens for the present study. An initial literature 
review revealed that teacher identity has proved useful in educational research but identity is 
complex and often used in empirical research without adequate definition (see Beijaard et al., 
2004). Relevant features of identity for the present study were identified in Section 2.2.1. 
Researchers have identified a range of factors that affect the identities of teachers (see 
Section 2.2.2). However, much of the previous research does not really address the complexity of 
identity because it does not take a holistic approach. Some researchers have theoretically developed 
comprehensive frameworks for teacher identity (e.g., Van Zoest and Bohl 2005), but such 
frameworks can be impractical for empirical studies. Operationalising teacher identity for a 
particular situation could be achieved by theoretically constructing a framework that utilises the 
situated nature of identity (see Section 2.2.3). At present no framework exists that identifies factors 
that contribute to teacher identity likely to contribute to a teacher’s capacity to promote numeracy 
learning across the curriculum. Consequently, the present study addressed this gap in the literature. 
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A conceptual framework for teacher identity can guide the design of empirical studies that 
employ teacher identity as the analytic lens but such a framework does not contribute to 
understanding how a teacher’s identity is formed, nor how it might change over time. Valsiner’s 
(1997) zone theory has potential to provide insights into both the complexity and dynamic nature of 
teacher identity (see Section 2.3.1). Although other researchers have used adaptations of this 
theoretical framework to understand the learning of teachers and students (see Section 2.3.2), the 
approach taken by Goos (2013) is most suited to the current study (see Section 2.3.3). The way she 
defined the zone of proximal development (ZPD), zone of free movement (ZFM), and zone of 
promoted action (ZPA) has potential to be aligned with the factors that are likely to influence how 
teachers promote numeracy learning through the subjects they teach. Thus, an adaptation of 
Valsiner’s zone theory may help identify ways to assist teachers to increase their capacity to 
identify and exploit numeracy learning opportunities in order to promote both numeracy and subject 
learning. Furthermore, barriers to teachers being able to develop a strong identity in relation to 
numeracy across the curriculum may be revealed. 
The following chapter outlines the research design employed in the present study. 
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Chapter 3  
Research Design 
Teacher identity was chosen as the analytic lens through which to identify ways to support 
teachers promote numeracy learning across the curriculum. The development of a teacher’s identity 
involves learning that results from interactions between range of cognitive and social factors (e.g., 
Van Zoest & Bohl, 2005). For this reason, Valsiner’s (1997) zone theory was proposed as a way of 
revealing how a teacher’s identity is formed and might change over time.  
Teacher identity is complex and the factors that contribute to identity development are many 
and diverse. As a result, the way in which teacher identity has been seen in empirical studies has 
varied, suggesting that it is possible to view this construct in many different ways. Consequently, 
teacher identity is consistent with a constructionist7 philosophy in which multiple realities develop 
through interactions between the individual and his or her world. Within the constructionist 
paradigm “all knowledge, and therefore all meaningful reality, as such, is contingent upon human 
practices, being constructed in and out of interaction between human beings and their world, and 
developed and transmitted within an essentially social context (Crotty, 1998, p. 42, emphasis in 
original). Furthermore, Silverman (2013) claimed that a constructionist approach is defined by a 
concern for research questions that focus on not only what is happening, but also with how a 
phenomenon is socially constructed. Thus, alignment between a constructionist paradigm and the 
present study is also seen in the focus on the social construction of teacher identity evident in the 
research questions for the present study (first presented in Chapter 1): 
Research Question 1: 
How does a teacher’s identity influence her/his capacity to promote numeracy learning 
across the curriculum? 
Research Question 2:  
In what ways can a sociocultural approach contribute to understanding how teachers could 
be supported to embed numeracy into the subjects they teach? 
7 Terms in qualitative research are sometimes used interchangeably and at other times used with 
different meanings. Constructionism is interpreted in the present study as involving interactions 
between individuals and their environment. 
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There are many different approaches to qualitative research; however, two characteristics 
shared across these approaches are the role of the researcher and the emergent nature of the research 
design (Creswell, 2013). The first two sections of the chapter address these aspects of the present 
study. An outline of the context in which the study was conducted follows. Details about how the 
theoretical and empirical phases of the study were carried out are presented in the fifth and sixth 
sections, respectively. Measures that were put in place so that readers could make a judgement 
about the trustworthiness are then discussed. The chapter concludes by outlining the manner in 
which the findings of the study are presented. 
3.1 Positioning the Researcher 
The researcher is the key instrument in collecting data in qualitative research (Creswell, 
2013), so must position himself or herself within the study. Throughout the research process the 
researcher brings a particular perspective that determines how the study is conducted, who 
participates in the study, what questions are asked, what is observed, what documents are reviewed, 
what is analysed, and what is reported (Merriam, 1998). These prior understandings also influence 
the interpretations that arise as meaning is created in the interactions between the researcher and 
participants (Denzin & Lincoln, 2003). Consequently, this section was written in the first person as 
it is about my background and role in the present study. 
I began my doctoral study after working on educational research projects in both school and 
tertiary settings for almost fifteen years. My involvement in the pre-service teacher education of 
prospective secondary mathematics teachers led to research assistant roles in a number of projects, 
including several that investigated the integration of technology in secondary mathematics 
classrooms (e.g., Bennison & Goos, 2010; Goos & Bennison, 2007, 2008). Through these roles I 
developed an interest in the professional learning of teachers and, in particular, the factors that 
influence how teachers translate professional learning experiences into their classroom practice. 
Consequently, my previous experiences contributed to my choice of teacher identity as the analytic 
lens and Valsiner’s (1997) zone theory as the theoretical framework for the present study. The 
perspectives that I brought to the study cannot be eliminated; so acknowledging that the findings 
presented in this thesis are my interpretation of the situation is consistent with the view that 
multiple interpretations of reality are possible. 
During my doctoral study I had the dual roles of researcher for my study and research 
assistant for the Numeracy Project (see Section 3.3.2). The latter role meant that I was involved in 
both the professional development and data collection activities of the Numeracy Project. As a 
consequence, the teachers who participated in my doctoral study were aware of my beliefs about 
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numeracy and this may have altered some of their responses or actions. Furthermore, my role 
during classroom observations was that of a participant observer, that is, immersed in the setting but 
also at a respectful distance from the teachers (Schwandt, 2007) and without direct involvement in 
classroom activities. School visits were sporadic and spanned three academic years (see Section 
3.5.4). On many occasions the teacher introduced me to the class, but after this my presence 
appeared to have little impact on classroom activities. 
Case study methodology was employed in the empirical phase of the present study. 
Although there are advantages in having the researcher as the primary instrument of data collection, 
as is the situation in case study research (Merriam, 1998), there are also disadvantages. On one 
hand, I was attuned to the purpose of the study and could focus on collecting data relevant to the 
study (e.g., asking follow-up questions in semi-structured interviews to seek clarification of 
information related to the research questions); on the other hand, the quality of the study was highly 
dependent on my skills as the researcher. Interviewing and classroom observations were the 
primary methods of data collection for my doctoral study. Kvale and Brinkman (2009) described 
interviewing as a craft that is dependent “on the practical skills and the personal judgments” (p. 17) 
of the interviewer that can only be developed through experience. Classrooms are busy places and it 
is impossible to observe everything that is happening, so it is necessary to focus on what is relevant 
to the purpose of the study. As with interviewing skills, the skills involved in being an effective 
observer develop through experience. My skills in both of these areas have been developed through 
experience in past research projects (e.g., Bennison, 2002; Goos & Bennison, 2007). 
3.2 Re-imagining the Research Design 
The responsiveness of the research design to the circumstances of the study is the second 
characteristic shared by different approaches to qualitative research (Creswell, 2013). Generally, 
adjustments are made to the fieldwork components of a study and may include changing interview 
questions, incorporating additional means of data collection, or seeking additional participants. In 
addition to modifications to the fieldwork components of the present study, three changes were 
made to the research design in response to the outcomes of the review of literature presented in 
Chapter 2. 
The absence of a definition or framework for teacher identity suitable for use in the study 
meant that much greater emphasis was placed on theoretical aspects of teacher identity than initially 
envisaged. The original research design was a longitudinal empirical study that investigated 
changes in the identities of the teachers participating in the Numeracy Project (see Section 3.3.2). 
However, the initial research proposal was not explicit about what was meant by teacher identity, a 
 39 
Chapter 3 Research design 
shortcoming of much of the empirical research that has employed this construct (see Beijaard et al., 
2004). For this reason, the first change made to the research design was to include a theoretical 
phase to develop a framework for teacher identity situated in the context of teachers promoting 
numeracy learning across the curriculum. Thus, the study was conducted in a theoretical phase and 
an empirical phase, which are outlined in Section 3.4 and Section 3.5, respectively. 
There is little research that explicitly links numeracy to curriculum goals of subjects other 
than mathematics. Evidence that these links exist is needed if an across the curriculum approach to 
numeracy is to be successful. Consequently, the revised research design paid greater attention to 
curriculum documents than was originally envisaged. 
The issue of how teachers deal with boundary objects (Star & Greisemer, 1989) when 
promoting numeracy learning, raised recently by Venkat and Winter (2015), emerged as an area of 
interest after data were collected. There were several examples in the empirical phase of the study 
where the teachers used boundary objects in science and history. Exploring these instances was the 
third change to the research design. 
Minor changes were made to the fieldwork component of the study. The original research 
design included visits to schools four times per year (once in each school term). Limited availability 
of teachers meant that this was impossible in practice. An additional data collection instrument, 
called the Reflective Task, was developed for teachers to complete at the end of the Numeracy 
Project and data collected through this instrument were drawn on in my study. Further details of 
empirical phase of the study are provided in Section 3.5. 
3.3 Situating the Research 
The present study was conducted in in the state of Queensland in Australia and within a 
larger project funded by the Australian Research Council8 that is referred to throughout this thesis 
as the Numeracy Project. Information about these contexts is provided in this section. 
3.3.1 The Australian Context 
Improving the numeracy capabilities of students has been a priority for Australian 
Governments for almost twenty years (e.g., DEETYA, 1997). The Melbourne Declaration on 
Educational Goals for Young Australians (Ministerial Council on Education, Employment, 
Training, and Youth Affairs [MCEETYA], 2008), the most recent expression of this priority, has 
guided the development of the Australian Curriculum (ACARA, 2014a) being progressively 
implemented in Australian schools from 2011. This new curriculum includes numeracy as a general 
8 See Footnote 4 for funding details. 
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capability to be developed across the curriculum, and so recognises that all teachers have a 
responsibility to promote students’ numeracy development. Although it has been recognised for 
some time in Australia that numeracy is best developed across the curriculum (e.g., DEETYA, 
1997), such an approach has remained problematic. For example, a survey of beginning secondary 
teachers from all disciplines found that around half of those surveyed saw themselves as teachers of 
numeracy, and only one-third felt adequately prepared to teach numeracy (Milton, Rohl, & House, 
2007). A similar study does not appear to have been conducted with practicing teachers, but it 
seems unlikely that the situation is any different.  Numeracy has not been a focus in pre-service 
teacher education programs until recently and there seems to be little professional development 
available to support practicing teachers to promote numeracy learning across the curriculum. 
An across the curriculum approach to numeracy is supported by the Australian Professional 
Standards for Teachers (AITSL, 2012). These standards are used as the basis for the accreditation of 
pre-service teacher education programs and teacher registration. There are seven standards, each 
with a number of focus areas that set out what teachers need to know and be able to do in the areas 
of Professional Knowledge, Professional Practice, and Professional Engagement at four career 
stages: Graduate, Proficient, Highly Accomplished, and Lead. Standard 2 is about the content and 
how to teach it with Focus Area 2.5 explicitly dealing with the knowledge and practices that support 
numeracy learning (see Figure 3.1.). 
Standard 2 
Know the content and how to teach it 
 Career stages 
Focus area Graduate Proficient Highly 
Accomplished 
Lead 
2.5 
Literacy and 
numeracy 
strategies 
 
Know and 
understand 
literacy and 
numeracy 
strategies and 
their application 
in teaching areas. 
Apply knowledge 
and understanding 
of effective 
teaching 
strategies to 
support students’ 
literacy and 
numeracy 
achievement. 
Support 
colleagues to 
implement 
effective teaching 
strategies to 
improve students’ 
literacy and 
numeracy 
achievement. 
Mentor and 
evaluate the 
implementation of 
teaching strategies 
within the school 
to improve 
students’ literacy 
and numeracy 
achievement 
using research 
based knowledge 
and student data. 
Figure 3.1 Australian Professional Standards for Teachers. Adapted from Australian 
Professional Standards for Teachers by Australian Institute for Teaching and School 
Leadership (AITSL). Copyright 2012 by AITSL. Reprinted with permission. 
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Student performance in numeracy is measured by the National Assessment Plan–Literacy 
and Numeracy (NAPLAN) and reported against national minimum standards (ACARA, 2012). 
NAPLAN is conducted annually with students in Grades 3, 5, 7, and 9. School results are published 
alongside demographic information on a publicly available website (ACARA, 2014c) that enables 
comparison of a school’s performance with national averages and the performance of schools of 
similar demographics. Furthermore, schools need to demonstrate improved NAPLAN results to 
secure additional funding (e.g., Department of Education and Training [DET, 2014). Consequently, 
there can be pressure on schools to prepare students for NAPLAN tests at the expense of 
developing the broader numeracy capabilities described previously (e.g., G. Thomson & Harbaugh, 
2013), thereby influencing school organisation, curriculum, and pedagogy (Hardy, 2015). 
The Australian Curriculum (ACARA, 2014a) covers eight learning areas: English, 
Mathematics, Science, Humanities and Social Sciences, The Arts, Technologies, Health and 
Physical Education, and Languages. The first subjects to be fully developed and implemented for 
Foundation (students entering school and aged about 5) to Grade 10 (students aged 15-16 years of 
age) were English, mathematics, science, and history. The teachers who participated in the present 
study taught across a range of subjects, but the ways in which these teachers promoted numeracy 
learning in history and science are discussed in this thesis for the reasons outlined in Section 3.5.3. 
An overview of the curriculum of these subjects for Grade 8 and Grade 9, the first two years of 
secondary school when data were collected, is now provided with additional relevant information 
presented in Chapter 5 and Chapter 69. 
Australian Curriculum: History 
The Australian Curriculum (ACARA, 2014a) for History is organised by two interrelated 
strands; Historical Knowledge and Understanding and Historical Skills. Historical Knowledge and 
Understanding is developed by providing opportunities for student to engage with broad principles 
relating to the role of evidence, continuity and change, cause and effect, significance, perspectives, 
empathy, and contestability in understanding the past. The Historical Skills strand  
promotes skills used in the process of historical inquiry: chronology, terms and concepts; 
historical questions and research; the analysis and use of sources; perspectives and 
interpretations; explanation and communication. Within this strand there is an increasing 
emphasis on historical interpretation and the use of evidence. (ACARA, 2014a) 
9 Grade 7 became the first year of secondary school in Queensland in 2015.  
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Students in Grade 8 study the period from about 650AD (CE) to 1750: The Ancient to the Modern 
World, and the period from 1750 to 1918: The Making of the Modern World is the focus for Grade 
9. Ten percent of total teaching time is allocated to an overview of the important features of the 
historical period to be studied, which can be taught as a separate unit or included as part of three 
depth studies. Each depth study constitutes 30% of total teaching time and contains a number of 
electives. The depth studies for Grade 8 are The Western and Islamic world, The Asia-Pacific 
world, and Expanding contacts (the Mongol expansions, the Spanish conquest of the Americas, or 
the Black Death in Asia, Europe, and Africa). For Grade 9, the depth studies are Making a better 
world? (Progressive ideas and movements such as capitalism, the Industrial Revolution or 
movements of peoples such as the transatlantic slave trade), Australia and Asia, and World War 1. 
Australian Curriculum: Science 
The Australian Curriculum (ACARA, 2014a) for Science consists of three interrelated 
strands: Science Understanding, Science as a Human Endeavor, and Science Inquiry Skills. Each 
strand is further divided into a number of sub-strands. The Science Understanding strand includes 
four sub-strands: Biological sciences, Chemical sciences, Earth and space sciences, Physical 
sciences. Science as Human Endeavor has two sub-strands: Nature and development of science and 
Use and influence of science. Science Inquiry Skills has five sub-strands: Questioning and 
predicting, Planning and conducting, Processing and analysing data and information, Evaluating, 
and Communicating. For each grade level there is a year level description, content descriptions, and 
content elaborations. Schools are given some flexibility about the way in which teaching and 
learning programs are designed. 
3.3.2 The Numeracy Project 
The Numeracy Project was conducted over three years (2012-2014) in six schools in two 
states within Australia, three in Queensland and three in Victoria. Generalist primary teachers and 
specialist secondary teachers from a range of disciplines participated in this project, which 
investigated the potential of a professional development intervention based on a numeracy model 
developed by Goos et al., (2014). Students in one of the classes taught by each of the teachers also 
participated in the Numeracy Project. Student learning of, and attitudes towards, numeracy were 
investigated; however, these students were not participants in the study reported on in this thesis. 
The teachers who participated in the Numeracy Project took part in a series of professional 
development workshops that were followed by school visits where researchers observed the 
implementation of numeracy focused tasks, conducted post-lesson interviews, and provided 
ongoing support for teachers. The professional development workshops promoted engagement with 
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Goos et al.’s (2014) numeracy model to expose teachers to what could be considered a rich 
interpretation of numeracy (see Section 2.1.1) and provided opportunities for teachers to plan and 
share numeracy rich tasks in a range of disciplines. The teachers completed several tasks during 
these workshops, including the Reflective Task (see Section 3.2), which contributed to the corpus of 
data for the Numeracy Project. The present study draws on lesson observations, post-lesson 
interviews, and the Reflective Task that were completed as part of the Numeracy Project (see 
Section 3.5.5 for further details). 
Conducting the present study within the context of the Numeracy Project was advantageous 
for several reasons. The teachers, including those who subsequently agreed to participate in the 
study reported on in this thesis, seemed to be interested in developing their capacity to provide 
numeracy learning opportunities for students because they had agreed to participate in the larger 
project. The professional development workshops of the Numeracy Project promoted both a rich 
interpretation of numeracy and an across the curriculum approach, thus there was at least one 
known influence on each teacher’s zone of promoted action (see Section 2.3.3). These 
circumstances meant that the teachers who were participating in the Numeracy Project provided an 
opportunity to learn about the phenomenon of interest, a rationale for case selection advocated by 
Stake (2003). 
There were also potential disadvantages of conducting the present study within the context 
of the Numeracy Project. Clarity was needed around who collected data and how these data were 
used. Some data were collected exclusively for my doctoral study (e.g., scoping interviews), while 
other data were collected for the purposes of the Numeracy Project and drawn on in my doctoral 
study with the permission of participants (see Section 3.5.5) and the Chief Investigators of the 
Numeracy Project. My dual roles as researcher for my doctoral study and research assistant for the 
Numeracy Project meant that these latter data were collected either solely by me or jointly with 
other members of the Numeracy Project team. Furthermore, my dual roles may have influenced 
what participating teachers said during interviews or their actions while being observed (see Section 
3.1). Finally, there was little flexibility in scheduling school visits. Most school visits were 
determined by the data collection schedule of the Numeracy Project so as not to unduly 
inconvenience teachers and occurred following one of the professional development workshops of 
this larger project. 
While the Numeracy Project promoted teacher engagement with the numeracy model (Goos 
et al., 2014), the present study looked more broadly at the cognitive, social, and environmental 
factors that provided affordances and constraints to a teacher’s capacity to promote numeracy 
learning. For this reason, the study complements the Numeracy Project by looking beyond the 
impact of the professional development intervention. 
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3.4 Theoretical Phase of the Study 
A theoretical perspective was employed in order to operationalise teacher identity for the 
present study. The literature on teacher identity and mathematics education was drawn on to 
develop a framework for identity as an embedder-of-numeracy (see Chapter 4). The alternative 
inductive approach of developing a framework through an empirical study would not have been 
possible due to limited resourcing, both in terms of funding and time.  
There are a myriad of factors that contribute to teacher identity. Consequently, it was 
considered impractical to identify factors for inclusion in the framework through the literature 
review and then allow an organisational structure to emerge by grouping factors of a similar nature. 
The alternative approach of beginning with an organisational structure consisting of several broad 
domains and elaborating the content of the domains through the literature review process was taken 
in the present study. The framework for mathematics teacher identity developed by Van Zoest and 
Bohl (2005) provided a comprehensive overview of the cognitive and social dimensions associated 
with teacher identity. However, as the construct of teacher identity is multifaceted, it was found to 
be more beneficial to use a finer grained approach. Five Domains of Influence were used as the 
organisational structure for the framework for identity as an embedder-of-numeracy: Knowledge, 
Affective, Social, Life History, and Context. The factors that constitute these domains were then be 
specified through a review of relevant literature. 
The first version of the framework, called the framework for identity as a teacher of 
numeracy (Bennison & Goos, 2013b), was examined in light of initial analysis of data collected 
from one of the teachers participating in the present study (Bennison, 2014a). This preliminary case 
study led to some modifications being made to the framework and the framework being re-named 
as the framework for identity as an embedder-of-numeracy (Bennison, 2015a). Details of how the 
framework was developed along with justification for employing an adaptation of Valsiner’s (1997) 
zone theory as the theoretical framework in the empirical phase of the study are provided in Chapter 
4. 
3.5 Empirical Phase of the Study 
The empirical phase of the study was conducted over a two-year period (2013-2014) and 
allowed the approach proposed in Chapter 4 to be re-examined and evaluated. The manner in which 
this phase of the study was conducted follows. 
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3.5.1 Using case study methodology 
Teacher identity was chosen as the analytic lens for the present study because developing 
the capacity to promote numeracy learning involves teacher learning and is influenced by a range of 
cognitive, social, and environmental factors. The research design needed to have context as a 
central theme because of the situated nature of teacher identity (Wenger, 1988). Such a focus is 
evident in case study research (Creswell, 2013; Denzin & Lincoln, 2003; Merriam, 1998) which 
explores “a real-life, contemporary bounded system (a case) or multiple bounded systems (cases) 
over time, through detailed in-depth data collection involving multiple sources of information … 
and reports a case description and case themes” (Creswell, 2013, p. 97, emphasis in original).  
One of the goals of the empirical phase of the study was to re-examine and evaluate the 
framework for identity as an embedder-of-numeracy. An instrumental case study of a single 
teacher, who could be regarded as a “specific, unique, bounded system” (Stake, 2003, p. 136), 
would enable some understanding of this particular teacher’s identity in the context of promoting 
numeracy learning. However, such an approach would provide almost no opportunity to evaluate 
the framework for identity as an embedder-of-numeracy because it pays no attention to potential 
differences that may exist due to the unique experiences of individual teachers. On the other hand, a 
collective case study (Stake, 2003) that includes several instrumental cases of teachers with 
differing disciplinary backgrounds and professional contexts has potential to provide a greater 
understanding of how an identity as an embedder-of-numeracy develops. These cases could be used 
to illustrate how this particular type of identity can be manifested in different situations. The present 
study was limited to a small number of cases because data collection for case studies is time 
consuming, especially when there are multiple cases (Yin, 1994). Within the collective case study 
presented in this thesis, each case focuses on an individual teacher, is descriptive and contributes to 
an understanding of the individual teacher’s identity as an embedder-of-numeracy (Merriam, 1998). 
The selection of a case to be studied is important and involves purposive sampling so that 
the case has characteristics that reflect the purpose of the study (Merriam, 1998). For a collective 
case study, this may mean selecting cases because they are similar or cases that are expected to 
produce predictable but contrasting findings (Yin, 1994). While agreeing with Merriam (1998) and 
Yin (1994) about the need to select cases carefully, Stake (2003) argued that the most important 
reason for choosing a particular case is that it provides an opportunity to learn about the 
phenomenon of interest. The cases (teachers) were chosen for the present study because they 
provided an opportunity to learn about how teachers develop an identity as an embedder-of-
numeracy. 
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3.5.2 Ethical considerations 
Gaining informed consent from participants, maintaining the confidentiality of data, and 
considering the consequences of publishing research findings were ethical issued identified in the 
empirical phase of the present study (Kvale & Brinkman, 2009). Ethical clearance for the study was 
obtained from The University of Queensland10. Permission to conduct the study at Regional High 
School and Metropolitan High School was granted by the educational authority responsible for the 
two schools following a formal application process, and by the principal of each school. Both 
principals were provided with information about the study and formally agreed in writing for it to 
be conducted in their schools. Teacher were supplied with details of the study and asked to provide 
acknowledgement of their understanding of what the study entailed and agreement to participate by 
signing a consent form. As part of their informed consent, teachers gave permission for data 
collected through the activities of the Numeracy Project to be drawn on in the present study. See 
Appendix A for samples of the information letters and consent forms provided to the principals and 
teachers. 
Issues of confidentiality were addressed by ensuring that data collected in the study were 
stored securely and no information about any of the participants was disclosed to anyone at the 
schools. To safeguard the anonymity of participants, in this thesis and other publications, 
pseudonyms were used for all participants and data were presented in a way that seeks to ensure 
that no one is identifiable. Schools involved in the study have not been named and school contexts 
were described in a way that makes identification of schools difficult. These strategies aim to 
ensure that there are no adverse consequences for participants as a result of publication of the 
findings of the study. 
3.5.3 Participants 
The participants in the present study were eight teachers (six female and two male11), from 
two secondary schools in Queensland, who had varying levels of experience and curriculum 
specialties. These teachers were invited to participate in the study because they had previously 
agreed to participate in the Numeracy Project (see Section 3.3.2). 
Teachers were invited to participate in the Numeracy Project following consultation 
between the Chief Investigators of the Numeracy Project and the principals of selected primary and 
secondary schools in Queensland and Victoria. The purpose of these consultations was to include 
teachers of English, history, mathematics and science, the subjects of the Australian Curriculum 
10 Ethical Clearance Number: 12-058A 
11 Gender may have some impact on the interactions between teachers and their professional 
context but was not a focus of the present study. 
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(ACARA, 2014a) that were being implemented at the beginning of the Numeracy Project. A further 
goal was to include at least two teachers from each discipline at each school. Thus, the teachers 
invited to participate in the Numeracy Project were selected to represent a range of disciplines and 
so that each teacher had at least one colleague with whom he or she could share ideas. 
Four teachers at Metropolitan High School and four teachers at Regional High School 
agreed to participate in the Numeracy Project and these teachers were subsequently invited to 
participate in this study. The teachers from Metropolitan High School were Karen, Martin, 
Michelle, and Michael and those from Regional High School were Kylie, Erica, Barbara, and 
Melissa (all pseudonyms). Further details about each teacher from Metropolitan High School and 
Regional High School, except Melissa, are provided in Chapter 5 and Chapter 6, respectively. 
Melissa taught English and had a role as a learning support teacher. Although observations of her 
English classes provided evidence of how numeracy can be embedded in English, a decision was 
made to focus on the subjects of science and history so Melissa’s case study was not included in 
this thesis. 
The decision to focus of science and history was made for three reasons. The first reason 
was that at least three teachers taught each of these subjects: Martin, Michelle, Kylie, and Erica 
taught history; and Karen, Michael, and Barbara taught science. Karen, Michael, and Barbara taught 
mathematics but only Barbara was observed teaching mathematics. The emergence of boundary 
objects (Star & Greisemer, 1989) as an area worthy of investigation was the second reason. The 
subjects of history and science had potential to provide insights into the use of boundary objects in 
subjects where a mathematical perspective may not necessarily be taken. There were insufficient 
data to pursue this line of inquiry in the subject of English. Finally, Michael and Barbara were 
teaching science out of field; that is, without formal teaching qualifications to teach science. Both 
teachers’ content and pedagogical knowledge of science seemed to have some influence on how 
they promoted numeracy learning through science; thus, additional challenges faced by out-of-field 
teachers was an interesting finding from the study. 
3.5.4 School visits 
The curriculum focus of each of the observed lessons was determined by the scheduling of 
school visits and availability of teachers during these visits. On some occasions there were no 
naturally occurring numeracy learning opportunities in observed lessons and sometimes teachers 
seemed to take a contrived approach to numeracy because as they knew that the focus of lesson 
observations was on how they promoted numeracy learning. 
Metropolitan High School was visited on three occasions in 2013 and Regional High School 
on six occasions during 2013-2014. These visits generally took place following a Numeracy Project 
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workshop. The timing of school visits and Numeracy Project workshops shown in Figure 3.2. The 
teachers gave permission for data collected during the school visits for the Numeracy Project in 
Term 4 2012 to be drawn on in the present study (see Section 3.5.2). 
 2012a 2013 2014 
T4b T1 T2 T3 T4 T1 T2 T3 T4 
Metropolitan High School X  X X      
Regional High School  X  X X X  X  X 
Numeracy Project 
workshops X X  X  X  X X 
Figure 3.2 Timetable of school visits to Metropolitan High School and Regional High 
School and Numeracy Project workshops. Note. a Participants gave permission for data 
collected in Term 4 2012 by the Numeracy Project to be used in the study. b T1, T2, T3, 
and T4 refer to School Terms 1, 2, 3 and 4, respectively. 
Each teacher participated in a scoping interview in the first year of the study. During school 
visits each of the teachers was observed and interviewed on at least one occasion but the number of 
lesson observations and interviews varied between teachers. The number of lessons observed, 
interviews conducted, and Numeracy Project workshops attended for each teacher are provided in 
Table 3.1. The timing of lesson observations and interviews presented in this thesis is made 
apparent. The month and year in which a lesson observation took place is provided when a lesson is 
described (i.e., in Chapter 5 or Chapter 6). The filename for interview transcripts includes the 
teacher’s name and date of the interview, so the transcript with filename Karen_280513 is from the 
interview conducted with Karen on 28 May 2013. To make excerpts of transcripts included in this 
thesis easy for readers to locate, an extension was added to the filename to indicate the order in 
which the excerpt occurs in the thesis. Thus, Karen_280513_3 is the third excerpt from the 
transcript of the interview conducted with Karen on 28 May 2013. 
3.5.5 Data collection 
Using a variety of data sources contributes to the richness of the descriptions that can be 
developed about a case (Creswell, 2013; Denzin & Lincoln, 2003). Interviews (scoping and post-
lesson), lesson observations, the Reflective Task, document analysis, and information about the 
professional context of each teacher provide different perspectives; thus contributing to an overall 
in-depth understanding of each teacher’s identity as an embedder-of-numeracy. A description of 
these data sources follows (see Appendix B for interview protocols and the Reflective Task). 
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Table 3.1 
Number of Lesson Observations, Interviews, and Numeracy Project Workshops for Each Teacher 
School Teacher Lesson 
observations 
Interviews Numeracy 
Project 
workshops 
attended 
Metropolitan High School Karen 5 4 3 
 Martin 3 4 3 
 Michelle 3 4 3 
 Michael 2 3 3 
Regional High School Kylie 11 8 6 
 Erica 6 5 3 
 Barbara 12 8 5 
Scoping interview 
A scoping interview was conducted with each teacher in the first year of the study (2013). 
These interviews lasted between 12 and 36 minutes, were audio-recorded, and transcribed for 
meaning because subsequent analysis did not require detail beyond this level. The purpose of these 
interviews was to seek information about the teachers’ backgrounds, beliefs about numeracy, school 
context, and previous opportunities to learn about promoting numeracy learning through the 
subjects they taught. The interviews were semi-structured to enable information around similar 
themes, such as pre-service teacher education, to be obtained and to allow follow up questions 
relating to individual experiences. Initial prompts included:  
• Can you tell me about your background?  
• What do you see as your role in developing the numeracy skills of your students?  
• Can you tell me about your school?  
• How has your knowledge of numeracy developed over time?  
The scoping interview was scheduled for the first school visit (i.e., the visit conducted in 
Term 2, 2013) in the original research design. Each of the teachers at Metropolitan High School 
participated in a scoping interview as planned, but timetabling arrangements and availability of 
teachers prevented the scoping interviews from being conducted at Regional High School during 
this visit. As a result, scoping interviews were conducted at this school during the second school 
visit (i.e., Term 3, 2013). The interest in the present study was on individual teachers so the 
different timing of these interviews in the two schools was not considered important for the 
findings. The only data that may have been affected by the differing interview times related to the 
teachers’ beliefs about numeracy as a result of their participation in the Numeracy Project. As 
scoping interviews took place after at least two Numeracy Project workshops, teachers at both 
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schools were asked if there had been any changes to their views or practices in relation to numeracy 
since they began participating in the Numeracy Project. The filenames used for the scoping 
interview transcripts are provided in Table 3.2. 
Table 3.2 
Filenames for the Scoping Interview Transcripts Conducted with Teachers 
School Teacher Filename of scoping  
interview transcript 
Metropolitan High School Karen Karen_280513 
 Martin Martin_270513 
 Michelle Michelle_270513 
 Michael Michael_280513 
Regional High School Kylie Kylie_040913 
 Erica Erica_040913 
 Barbara Barbara_040913 
Lesson observations  
School visits were conducted over a three to four day period in the school terms indicated in 
Figure 3.2. Many classroom activities span more than one lesson, so the aim was to observe more 
than one lesson to enable richer descriptions of classroom practice than are possible from 
observation of a single lesson. However, both Regional High School and Metropolitan High School 
operated on a school timetable with four 70-minute lessons per day. Consequently, not every 
subject had a lesson every day so there were instances where it was only possible to observe single 
lessons for some teachers during a school visit. 
Lesson observations focused on the tasks the teachers used and how these tasks promoted 
both numeracy and subject learning. Field notes were made by hand during each lesson and 
recorded the date of the lesson, a description of the classroom setting, the subject and topic being 
studied, the timing and content of the lesson, questions the teachers asked, and what teachers and 
students wrote on the whiteboard. Research notes were also made about points to follow up in the 
subsequent post-lesson interview. As soon as possible after each lesson a digital record of the lesson 
observation was made. This digital record included the field notes, research notes, and any 
additional resources such as handouts, PowerPoint presentations, and website URLs to produce as 
near as possible a complete record of the lesson. Lessons were not videotaped to assist in preserving 
anonymity and confidentiality of participants. 
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Post-lesson interviews  
Post-lesson interviews were conducted with each teacher following the lesson (or lesson 
sequence) that had been observed at a time convenient to the teacher. This may have been directly 
following the lesson or at a later time but within the time frame of the school visit. The focus of 
these interviews was on the planning and implementation of tasks used in the lesson, student and 
teacher learning, and teacher reflections on the lesson. These interviews lasted between 13 and 36 
minutes and, as was the case with the scoping interviews, were semi-structured, audio-recorded, and 
transcribed for meaning. Initial prompts included: 
• Can you tell me about the tasks you have used to assist your students to develop the 
numeracy skills necessary for the learning area you teach? 
• Have you noticed any differences in the quality of student learning? 
• How do you feel about assisting students to develop the numeracy skills that they need in 
the learning area that you teach? 
• How confident do you feel about using the tasks to assist your students to develop the 
numeracy skills they need in the learning area that you teach? 
Reflective Task  
The Reflective Task was developed by me (in my role as research assistant) in conjunction 
with Chief Investigators of the Numeracy Project and completed by the teachers who participated in 
the Numeracy Project at the final professional development workshop for this project. The task was 
completed in two parts and sought written responses from teachers about a range of related topics 
including their experiences during the Numeracy Project, beliefs about numeracy, and professional 
context. Questions included the following: 
• How do you think your knowledge of the mathematics that is used within your disciplines 
influences how you design numeracy-focused tasks in the subjects you teach? 
• How has your access to resources (e.g., digital tools) influenced your planning, task design, 
and implementation of tasks? 
• How do you feel about the notion of numeracy across the curriculum? 
Of the teachers who participated in this study, only Kylie and Barbara completed the Reflective 
Task, as the other teachers did not attend the final workshop. 
Document analysis  
The Australian Curriculum (ACARA, 2014a) for History, Science, English, and 
Mathematics were reviewed to determine how numeracy could enhance learning in these subjects. 
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This review focused on the content descriptions and elaborations for Grade 8 and Grade 9 that were 
relevant to the observed lessons. The method employed was similar to that used by Goos, Dole, and 
Geiger (2012) in an audit of the Australian Curriculum: History. Numeracy demands evident in 
curriculum documents were evaluated and numeracy-learning opportunities were identified with 
reference to the way numeracy was envisioned in the present study (see Section 2.1.1). 
3.5.6 Data management 
Hard copies of data, such as hand written lesson observations and interview transcripts, were 
stored in a folder containing sub-folders for each participant. Digital records were stored in a 
similar manner, in a password-protected computer. A record of data collected with brief notes about 
the content (e.g., topic of the lesson) was maintained and updated regularly to enable easy access 
during data analysis. 
3.5.7 Data analysis 
Content analysis of the text of interview transcripts was used to identify aspects of each 
teacher’s zone of proximal development (ZPD), zone of free movement (ZFM), and zone of 
promoted action (ZPA). The way in which these zones were interpreted along with examples of 
how coding decisions were made are described in Section 4.2. The coding of several interview 
transcripts were discussed with a more experienced colleague and discrepancies reviewed and 
resolved. After all interviews had been coded each interview was re-coded to ensure consistency of 
coding. 
Each teacher’s personal conception of numeracy along with the tasks they used in observed 
lessons that were analysed in terms of mathematical knowledge, context, tools, dispositions and a 
critical orientation; as has been done previously by Goos and colleagues using their numeracy 
model (e.g., Geiger et al., 2013; Goos, Geiger, et al., 2011; Goos et al., 2014). When analysing 
interview transcripts, sections of text where teachers described their interpretation of numeracy 
were coded using these five dimensions; whereas for lesson observations, the dimensions evident in 
classroom activities were identified along with potential areas where a task could be modified to 
more fully exploit the numeracy learning opportunity the task provided. Judgements were made 
about each teacher’s level of mathematical, pedagogical, and curriculum knowledge based on 
analysis of the extent to which the teacher exploited the numeracy learning opportunities that 
existed in the observed lessons and comments the teacher made during interviews. For example, a 
context, mathematical knowledge, tools, and a critical orientation were evident in the lesson 
Michelle taught where she used a table of data to help students understand what life was like in 
Australia in 1901 (see Section 5.4.3). 
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An individual case study for each teacher was developed by drawing on data analysis to 
construct a narrative that included examples of practice, chosen for the reasons outlined in the 
relevant section. These case studies enabled some understanding of each teacher’s identity as an 
embedder-of-numeracy (see Chapter 5 and Chapter 6). The empirical phase of the study also 
allowed for re-examination and evaluation of the approach taken in the present study to understand 
how a teachers can be supported to promote numeracy learning; in other words, the framework for 
identity as an embedder-of-numeracy and adaptation of Valsiner’s (1997) zone theory. 
3.6 Evaluating the Quality of This Research 
Qualitative researchers provide information to demonstrate to readers the quality of their 
research rather than make claims about the validity and reliability of the research, as are made when 
quantitative research is reported. However, ultimately readers must judge for themselves whether 
the researcher has demonstrated that the findings are reasonable based on the evidence provided. 
The purpose of this section is to outline the strategies put in place in the present study to help 
readers make this judgement.  
There is much debate among qualitative researchers about what criteria should be used to 
make judgements regarding the quality of qualitative research. Some researchers argue that 
qualitative equivalents for the quantitative criteria of validity and reliability are needed. At the other 
extreme, there are researchers who argue for completely different conceptualisations (see Creswell, 
2013 for a summary of several different approaches). Furthermore, the concept of reliability in 
qualitative research is contentious because traditionally this criterion is a measure of whether a 
study is replicable. A more useful term for qualitative research is dependability, which is achieved 
by “careful documentation of procedures for generating and interpreting data” (Schwandt, 2007, p. 
263). 
There is widespread use of the term trustworthiness in discussions of the quality of 
qualitative research. Creswell (2013) preferred to use the term validation to signify that the 
accuracy12 of an account of qualitative research is related to the strategies that are employed 
throughout a study. Moreover, drawing on the work of Howe and Eisenhardt (1990), Creswell 
(2013) argued that methodological issues such as the relationship between the research questions 
and data collection, the technical competence with which data collection and analysis are 
conducted, the extent to which the researcher has positioned themselves, the robustness of the 
study, and the overall value of the study should also form part of the evaluation of a qualitative 
12 Here the term accuracy refers to the account of research adequately representing the phenomenon 
of interest. 
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study. Some of these methodological issues are addressed in the eight validation strategies that are 
frequently used by qualitative researchers (Creswell, 2013):  
• Prolonged engagement and persistent observation (#1) 
• Triangulation (#2) 
• Peer review or debriefing (#3) 
• Negative case analysis (#4) 
• Clarifying researcher bias (#5) 
• Member checking (#6) 
• Rich, thick description (#7) 
• External audits (#8) 
Creswell (2013) recommended that qualitative researchers should employ at least two of these 
strategies in any study. Most of these validation strategies have been employed to some extent in 
the present study. 
The longitudinal nature of the empirical phase of the study allowed the teachers to be 
observed and interviewed on multiple occasions (#1). Sustained engagement in the field enabled the 
building of trust with the teachers, learning about their professional context, and checking of 
information. For pragmatic reasons, data, analyses, and findings were not taken back to the teachers 
for member checking (#6). Gaining access to the teachers for lesson observations and interviews 
proved to be difficult because of timetabling and other commitments on the teachers’ time. 
Consequently, member checking was not conducted so as not to unduly inconvenience the teachers. 
Triangulation (#2) involves the use of different kinds of data and different methods, and is generally 
seen as providing corroborating evidence. However, this concept is problematic from a 
constructionist perspective, as it tends to suggest that there is a single reality to be found. 
Nevertheless, different methods of data collection (primarily lesson observations and interviews) 
were used in the study. 
This thesis provides an extensive description of the methodological approach that was taken 
as well detailed case studies of the teachers that include a description of their professional context 
(#7). The rationale for decisions that were taken throughout the research are made explicit in order 
to provide a transparent account of the research. These decisions included the choice of teacher 
identity as the analytic lens for the study, the selection of cases for the empirical phase of the study, 
and the choice of lesson vignettes to include in the reporting of findings. There is clear information 
about my position within the study (see Section 3.1) so that the reader is aware of any potential bias 
that I might bring to the study (#5). Data collection, analysis, and findings were subject to peer 
review (#3) through conference presentations (Bennison, 2014a, 2014b, 2015b, 2015c, 2016b; 
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Bennison & Goos, 2013a, 2013b) and journal articles (Bennison, 2015a, 2015d, 2016a) throughout 
the study. Furthermore, although an external audit was not conducted in the true sense (#8), 
extensive discussions were held with more experienced colleagues about research design, 
interpretations, findings, and conclusions. 
Although qualitative researchers make every effort to conduct, analyse, and report research 
in a transparent way, it must be remembered that in any research, participants influence the 
interpretations that are made because they choose what to reveal and what not to reveal. They do 
this by making decisions about what to say in interviews, how to behave when being observed, and 
how to respond to survey questions. For this reason, the findings of any research have been “filtered 
through the lenses of language, gender, social class, race and ethnicity” (Denzin & Lincoln, 2003, p. 
31) and provide one account of the phenomenon of interest. 
3.7 Presentation of the Findings 
The present study was conducted in a theoretical phase and an empirical phase. The findings 
from the theoretical phase are presented in Chapter 4. The framework for identity as an embedder-
of-numeracy is developed and an adaptation of Valsiner’s (1997) zone theory is proposed as a way 
of understanding how this identity is formed and how it might change over time. The findings from 
the empirical phase of the study are presented in the subsequent two chapters: Chapter 5 and 
Chapter 6. The case studies of the four teachers from Metropolitan High School (Karen, Martin, 
Michelle, and Michael) are presented in Chapter 5. These case studies illustrate how the approach 
proposed in Chapter 4 could be used in empirical studies to identify ways to support teachers to 
promote numeracy learning across the curriculum. Additionally, they allow preliminary re-
examination of the framework for identity as an embedder-of-numeracy and adaptation of 
Valsiner’s zone theory. The case studies of the three teachers from Regional High School (Kylie, 
Erica, and Barbara) are presented in Chapter 6. An extended case study of Kylie exemplifies how 
the proposed adaptation of Valsiner’s (1997) zone theory could be used to trace the trajectory of a 
teacher’s identity as an embedder-of-numeracy over time. The case studies of Erica and Barbara 
contribute to a discussion of the use of boundary objects (Star & Greisemer, 1989) in promoting 
numeracy learning. Chapter 7 is the final chapter of this thesis. Responses are provided to the two 
research questions that the study sought to address by drawing on the findings presented in Chapter 
4, Chapter 5, and Chapter 6. The chapter concludes with details of the contribution that the study 
makes to knowledge, the limitations of the study, and suggestions for further research. 
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Chapter 4  
Identity as an Embedder-of-numeracy 
Understanding how a teacher’s identity in the context of promoting numeracy learning 
across the curriculum is formed was seen as a way of providing insights into how teachers might be 
supported in this endeavor. Thus, teacher identity was chosen as the analytic lens for the present 
study. A review of relevant literature revealed that employing teacher identity in empirical research 
was problematic because of the lack of clarity about the meaning of identity (see Section 2.2.2). 
Consequently, a decision was made to construct a theoretically grounded conceptual framework, 
designated as a framework for identity as an embedder-of-numeracy13 that explicitly identifies those 
factors most likely to influence whether and how teachers promote numeracy learning through the 
subjects they teach. Such a framework has potential to capture the complexity of a teacher’s identity 
in this situation in a way that is amenable to empirical research by identifying what data should be 
collected; however, only a snapshot of a teacher’s identity at one point in time is possible using the 
framework alone. An additional theoretical framework is needed to understand how the various 
factors that contribute to this identity interact and provide insights into how this identity might 
change over time. Sociocultural perspectives are most suited to investigating the developing 
identities of teachers (Lerman, 2001), but there are many sociocultural theories. Valsiner’s (1997) 
zone theory was proposed as a suitable theoretical framework for the present study because the 
zones of proximal development, free movement, promoted action capture how factors included in 
the framework for identity as an embedder-of-numeracy interact to produce a particular identity and 
how this identity might change over time. The findings presented in the chapter contribute to 
addressing both research questions for the present study (first presented in Chapter 1): 
Research Question 1: 
How does a teacher’s identity influence her/his capacity to promote numeracy learning 
across the curriculum? 
Research Question 2:  
In what ways can a sociocultural approach contribute to understanding how teachers could 
be supported to embed numeracy into the subjects they teach? 
13 The name for the framework draws on the work of Thornton and Hogan (2004) cited earlier (see 
Section 2.1.3) 
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Two interrelated phases, a theoretical phase and an empirical phase, were employed to 
address these research questions. The findings presented in this chapter result from the theoretical 
phase of the study (informed by some initial findings from the empirical phase). The first section of 
the chapter explains how the framework for identity as an embedder-of-numeracy was developed. 
Theoretical justification for the inclusion within the framework of particular factors that have 
previously been shown to influence teacher identity follows. The next section describes how 
Valsiner’s (1997) zone theory was interpreted in the present study and used in the empirical phase 
of the study. The chapter concludes with a summary of the proposed approach (i.e., the framework 
for identity as an embedder-of-numeracy and the adaptation of Valsiner’s zone theory). 
4.1 Developing a Framework for Identity as an Embedder-of-numeracy 
Each teacher has multiple identities (e.g., Gee, 2001) that include their identity as a teacher 
of one or more disciplines (if they are a secondary school teacher), as a generalist teacher (as is the 
case for most primary school teachers in Australia) and, it could be argued, as an embedder-of-
numeracy. All of the identities that a teacher has are complex, overlap, and contribute to a core 
teacher identity. However, each identity is also situated within a particular set of practices (Wenger, 
1998). Thus, an identity as an embedder-of-numeracy could be seen as being situated within 
practices associated with promoting numeracy learning through subjects across the curriculum and 
will be shaped by factors that influence these practices. Consequently, it is possible to theorise 
about what factors might contribute to a teacher’s capacity to promote numeracy learning through 
the subjects they teach. 
Identity is context dependent (Gee, 2001; Holland et al., 1998; Wenger, 1998), so the 
process used to develop the framework for identity as an embedder-of-numeracy was to focus on 
those factors previously shown to influence teacher identity that seem to have most relevance in the 
current situation. In this way the framework was made specific for the context of teachers 
promoting growth in the numeracy capabilities of their students through the subjects they teach. The 
framework for identity as an embedder-of-numeracy was underpinned by the understanding that: 
1. being numerate involves having the dispositions that support the critical use of 
mathematical knowledge and appropriate tools in a range of contexts: five dimensions of 
numeracy encapsulated in the numeracy model developed by Goos et al., 2014 (see 
Section 2.1.1); and 
2. an effective way for teachers to promote numeracy learning is to enhance discipline 
learning by embedding numeracy into subjects across the curriculum (see Section 2.1.3). 
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It is possible, perhaps even highly likely, that some factors will make a greater contribution 
to shaping the identity as an embedder-of-numeracy of primary teachers, secondary mathematics 
teachers, and secondary non-mathematics teachers. However, the intention in the present study was 
to develop a framework that could be used in empirical investigations involving teachers within any 
of these groups. Consequently, no distinction between these groups of teachers is made in the 
following discussion, other than to point out potential challenges for particular groups of teachers 
where relevant. 
4.2 Factors that Influence a Teacher’s Identity as an Embedder-of-numeracy 
Teacher identity is multifaceted. For this reason, five broad Domains of Influence were used 
as the organisational structure for the framework for identity as an embedder-of-numeracy: 
Knowledge, Affective, Social, Life History, and Context. A review of relevant literature contributed 
to specifying factors that seemed to be most influential in the situation of interest; that is, promoting 
numeracy learning across the curriculum. The Domains of Influence overlap; consequently some of 
the literature reviewed in this section contributes to the discussion of more than one domain and is 
included, where relevant, to support the inclusion of particular characteristics within each domain. 
4.2.1 Knowledge Domain 
Knowledge is considered to be an important part of an individual’s identity, but it is not 
always clear what knowledge is important (e.g., Philipp, 2007) or how different types of knowledge 
are important in different situations. Van Zoest and Bohl (2005) incorporated the seven categories 
of knowledge that Shulman (1987) suggested were necessary for teaching (i.e., content knowledge; 
general pedagogical knowledge; curriculum knowledge; pedagogical content knowledge; 
knowledge of learners and their characteristics; knowledge of educational contexts; and knowledge 
of educational ends, purposes, values, and their historical and philosophical grounds) into their 
framework for mathematics teacher identity. They achieved this by collapsing Shulman’s categories 
into three domains: content and curriculum domain, pedagogy domain, and professional 
participation domain. Although using these three broad domains has the advantage of implicitly 
including all of Shulman’s categories of knowledge, the definition of each domain becomes less 
specific. 
There seem to be certain types of knowledge that are particularly relevant if teachers are to 
effectively exploit numeracy learning opportunities in subjects across the curriculum. Hence, the 
approach taken in the present study was to include only Shulman’s (1987) categories of knowledge 
that appeared to be particularly relevant: mathematical content knowledge (MCK), pedagogical 
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content knowledge (PCK), and curriculum knowledge (CK). It could be argued that teachers with 
well-developed expertise in these three areas are likely to have the knowledge base needed for a 
strong identity as an embedder-of-numeracy. 
Mathematical content knowledge (MCK) was included in the Knowledge Domain because 
mathematics is the discipline that underpins numeracy. Teachers will be best placed to support 
students’ numeracy learning if they have expertise in the inherent mathematics in the subjects they 
teach. However, it is possible that some teachers may not have the requisite level of MCK. For 
example, participation in senior secondary and tertiary mathematics courses in Australia has been 
falling for some years, suggesting that prior experiences of mathematics has led to a situation where 
many students lack “confidence in the subject, do not enjoy or see personal relevance in it and are 
unlikely to continue its study voluntarily” (COAG, 2008, p. 21). As a consequence, some primary 
teachers and teachers of disciplines other than mathematics may not have studied mathematics 
beyond the point when it was compulsory and may therefore have insufficient MCK to support 
students’ learning of numeracy. 
Some of those teaching mathematics in secondary schools may also have insufficient MCK 
needed to promote numeracy learning. It may seem reasonable to assume that the teachers who are 
teaching secondary school mathematics have completed the requisite university courses to become 
mathematics teachers. However, this may not be the case if the supply of qualified mathematics 
teachers is unable to meet demand and teachers who qualified to teach other subjects are required to 
teach mathematics out of field. For example, a study in Australia found that one fifth of those 
teaching secondary school mathematics had not studied mathematics beyond first year at university 
and one in six had not undertaken any mathematics teaching methods courses (Harris & Jensz, 
2006). A recent survey found that this situation has not improved since Harris and Jenz’s (2006) 
study with up to 20% of those teaching junior secondary school mathematics not having tertiary 
qualifications in mathematics or mathematics teaching methods (McKenzie, Weldon, Rowley, 
Murphy, & McMillan, 2014). As a result of declining participation in post compulsory mathematics 
courses and the shortage of qualified secondary school mathematics teachers, at least in Australia, it 
is possible that some primary teachers, secondary teachers of subjects other than mathematics, and 
secondary mathematics teachers may not have the necessary MCK to support students’ numeracy 
learning. While MCK is important, other types of knowledge are also needed in this situation.  
Designing tasks that effectively exploit the numeracy learning opportunities in subjects 
across the curriculum requires a particular type of pedagogical content knowledge (PCK); 
consequently, this type of knowledge was included in the Knowledge Domain. However, the nature 
of the PCK needed to promote numeracy learning is problematic, as there appears to be little 
research about what constitutes effective numeracy tasks and how such tasks enhance student 
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learning (Geiger, Goos, & Forgasz, 2015). Although numeracy and mathematics are not the same, it 
seems reasonable that the PCK needed to design effective numeracy tasks will draw on some 
aspects of PCK for mathematics teaching. Primary teachers and qualified secondary mathematics 
teachers will have completed pedagogy courses for mathematics during their pre-service teacher 
education. Conversely, teachers of subjects other than mathematics and those teaching mathematics 
out of field will have had no exposure to such courses. 
Recognition that teachers need opportunities to develop PCK that supports an across the 
curriculum approach to numeracy is evident in introduction of courses that deal with the 
pedagogical aspects of numeracy into some Australian secondary pre-service teacher education 
programs (e.g., Groves, 2001; White & Cranitch, 2010). Groves (2001) reported on the rationale, 
development, delivery, and evaluation of a final year course for pre-service secondary teachers 
designed to develop personal numeracy and the capacity to respond to students’ numeracy learning 
needs. The latter included developing an understanding of what numeracy is, recognising numeracy 
demands across the curriculum, and developing appropriate teaching strategies. Building personal 
numeracy was also a focus of the course for pre-service secondary teachers described by White and 
Cranitch (2010). These researchers found that those who undertook the course thought they would 
have difficulty incorporating numeracy strategies into the subjects they were preparing to teach. 
Reasons given included not seeing the relevance of numeracy to their subject areas (i.e., being 
unaware of how numeracy could enhance subject learning) and insufficient levels of personal 
numeracy. These two studies, coupled with the current lack of understanding about the nature of 
PCK for numeracy, mean that many teachers may not have the PCK necessary to design tasks that 
promote numeracy learning. 
Teachers also need to have sufficient knowledge of the curriculum (CK) to understand 
where and how numeracy can be used to enhance both numeracy and subject learning, so this type 
of knowledge was included in the Knowledge Domain. As across the curriculum approaches to 
numeracy are relatively recent (e.g., ACARA, 2014a; Department of Education and Skills, 2011; 
Education Scotland, n.d.), teachers may need assistance in developing this type of knowledge unless 
curriculum documents provide adequate guidance in this area. For example, there seems to be little 
support within curriculum documents in Australia to help teachers to identify inherent numeracy 
learning opportunities in subjects across the curriculum. The Australian Curriculum (ACARA, 
2014a) uses icons and online filters to identify the numeracy demands in each curriculum area. 
However, an audit of the curriculum documents for History revealed that although the numeracy 
demands were identified, there were numerous learning opportunities that were dependent on the 
teacher identifying these opportunities and choosing appropriate learning activities (Goos et al., 
2012). Despite recognising that some mathematics is required in order to teach subjects other than 
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mathematics, the curriculum documents generally lack information about where and how this 
mathematics could be incorporated (e.g., Geiger et al., 2013). As a consequence, teachers may not 
have sufficient CK to identify numeracy learning opportunities in the subjects across the 
curriculum. 
If teachers are to develop a strong identity as an embedder-of-numeracy, then it seems 
reasonable that they need the mathematical content knowledge, pedagogical content knowledge, 
and curriculum knowledge appropriate for supporting numeracy learning in the subjects they teach. 
The issues discussed in this section indicate that it cannot be assumed that teachers will have 
developed an adequate level of each of these types of knowledge, thereby underlining their 
importance for promoting numeracy learning and providing justification for their inclusion in the 
Knowledge Domain of the framework for identity as an embedder-of-numeracy. 
4.2.2 Affective Domain 
Affective issues have long been recognised as important in the area of mathematics 
education and are likely to be significant if a teacher is to develop a strong identity as an embedder-
of-numeracy. However, affect encompasses a broad spectrum of attributes that includes emotions, 
attitudes, and beliefs (Philipp, 2007). There are different interpretations of what these terms mean. 
Philipp (2007) provided working definitions that give some sense of the relationship between them: 
emotions are feelings that are felt intensely and subject to change, attitudes are a way of thinking 
and change more slowly than emotions but more quickly than beliefs, and beliefs are 
understandings that are thought to be true and are harder to change than attitudes. 
There are many emotions, attitudes, and beliefs that could have been included in the 
Affective Domain (see Section 2.2.2) but the approach taken in the present study was to focus on 
those affective attributes that are directly related to numeracy and mathematics. If teachers are to 
promote numeracy learning through subjects across the curriculum, then it could be argued that 
there are three affective factors that appear to be particularly pertinent: a teacher’s personal 
conception of numeracy, their attitudes towards mathematics, and their perceived preparation to 
embed numeracy into the subjects they are teach. 
Teachers are likely to be best placed to promote the numeracy learning of students if they 
have a rich personal conception of numeracy; for example, one that encompasses five dimensions of 
numeracy evident in Goos et al.’s, (2014) numeracy model: mathematical knowledge, contexts, 
dispositions, tools, and a critical orientation. Teachers with a narrower personal conception of 
numeracy may be less able to employ pedagogical approaches that effectively exploit the numeracy 
learning opportunities in the subjects they teach because they do not recognise the other 
dimensions. Such interpretations of numeracy could arise if numeracy is associated with subjects 
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that focus on basic mathematical skills (e.g., Carter et al., 2015) or as the capacity to successfully 
answer questions on international and national student assessments (e.g., PISA and NAPLAN). 
As mathematical knowledge is an important aspect of numeracy, it seems reasonable that 
the nature of the emotions, attitudes, and beliefs that teachers have about mathematics will impact 
on their capacity to promote numeracy learning. For many school students their experiences of 
school mathematics have resulted in “general fear of contact with mathematics” (Hembree, 1990, p. 
45) commonly known as maths anxiety and negative attitudes towards mathematics (Carroll, 2005). 
Hembree (1990) found the highest levels of maths anxiety in college students were among those 
students preparing to be primary school teachers. A study by Gresham (2008) also found high levels 
of maths anxiety in pre-service primary school teachers and identified a link between high levels of 
maths anxiety and low levels of self-efficacy, in particular the pre-service teachers’ beliefs in their 
ability to teach mathematics effectively. Hodgen and Askew (2011) argued that, in the case of 
primary teachers, negative school experiences could lead to a disconnection with mathematics. As a 
result, these teachers may experience emotional difficulty in developing a strong disciplinary bond 
with mathematics, which Hodgen and Askew claimed is necessary for teaching mathematics and, 
by extension, promoting numeracy learning. Secondary school teachers whose discipline is not 
mathematics, including those teaching mathematics out of field, may experience similar difficulties. 
Thornton and Hogan (2004) suggested that the absence of a disciplinary bond with mathematics, 
along with inadequate understanding of the quantitative aspects of the subjects they teach, can lead 
teachers to the belief that numeracy is the responsibility of mathematics teachers. 
Self-efficacy is important in regulating behavior and influences not only the choices an 
individual makes in a given situation but also the actual performance of the individual in that 
situation (Bandura, 1977). Consequently, it could be argued that teachers are likely to be more 
inclined towards and capable of effectively embedding numeracy into the subjects they are teach if 
they feel well prepared for this role. However, evidence from an Australian study suggests that this 
is not the case for many beginning teachers. In Milton et al.’s (2007) study (see Section 3.3.1), two 
thirds of the beginning secondary teachers from all disciplines and more than 30% of the beginning 
mathematics teachers surveyed reported that they did not feel adequately prepared to teach 
numeracy. These findings are supported, albeit by a much smaller study at one institution, by a 
study of pre-service and beginning Health and Physical Education (HPE) teachers. The latter study 
found more than one in five believed that their pre-service teacher education program had not 
provided them with the knowledge and understanding of the numeracy demands of HPE (Swaby, 
Castleton, & Penny, 2010). Although these findings do not necessarily reflect the content of pre-
service teacher education programs, they do indicate these beginning teachers’ perceptions, which 
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in light of possible negative attitudes towards mathematics, may lead to a lack of self-efficacy and 
thus desire to embed numeracy into the subjects they teach. 
There are many other affective factors that could be included in the Affective Domain. 
However, it seems a rich personal conception of numeracy, a positive attitude towards mathematics, 
and feeling as though they are prepared to embed numeracy into the subjects they teach is likely to 
be necessary for teachers to develop a strong identity as an embedder-of-numeracy. As a result, 
these three factors were included in the Affective Domain of the framework for identity as an 
embedder-of-numeracy. 
4.2.3 Social Domain 
Teachers’ multiple identities result from their participation in a number of communities 
(Wenger, 1998). Van Zoest and Bohl’s (2005) framework for mathematics teacher identity 
described a teacher’s participation in a single community in terms that these researchers called 
dimensions of competence that were aligned with Wenger’s (1998) joint enterprise, mutual 
engagement, and shared repertoire. Although such an approach has the advantage of fully 
describing a teacher’s participation in one particular community, Van Zoest and Bohl conceded that 
to portray an individual’s entire mathematics teacher identity would require consideration of the 
ways in which a teacher participates in all of the other communities in which she or he is involved. 
The outcome in the current study would be increased complexity in the framework for identity as an 
embedder-of-numeracy resulting in practical limitations being imposed on subsequent empirical 
studies. The interest in the present study was on how teachers negotiate their identity across 
communities as well as within communities, so it seemed more useful in this instance to look at a 
teacher’s participation in communities in which they are involved in terms of Gresalfi and Cobb’s 
(2011) normative identities for teaching (see Section 2.2.1). 
Teachers participate in communities both within and outside the school environment. Their 
interactions with students, colleagues, school administrators within school communities and 
professional communities are likely to influence the way in which they see numeracy and the place 
of numeracy in the subjects they teach. Each of these communities will have a particular normative 
identity for teaching and a teacher may need to reconcile competing agendas. For example, the 
normative identity for teaching in a history classroom community, as defined by students, may be 
that numeracy has no relevance in the class (i.e., a view that numeracy and mathematics are the 
same and that this class is about history, not mathematics). However, the normative identity in this 
community, as defined by the teacher, may be that students need to deal effectively with certain 
quantitative elements (e.g., scaled timelines) in order to develop conceptual understanding in the 
subject. 
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The process that a teacher undertakes to reconcile competing normative identities can lead 
to tension and sometimes to practices that seem to be inconsistent with a teacher’s identity in a 
particular situation. Hodges and Cady (2012) reported on how a middle school mathematics teacher 
reconciled her identities in the district, school, classroom, and professional development 
communities in which she participated. These researchers found that although the teacher’s identity 
was moving towards becoming consistent with the professional learning community, where there 
was a focus on reform oriented mathematics teaching, sometimes her classroom practices were 
inconsistent with the views she expressed in the professional development context. On these 
occasions the teacher’s focus was primarily on procedural aspects of mathematics to prepare 
students for standardised achievement tests that were a school priority. These apparent 
inconsistencies can be viewed as part of the process of teacher identity development as teachers 
negotiate their identity across different communities. 
The normative teaching identity within the community of teachers of a particular discipline 
can influence an individual teacher’s identity formation. For example, Beisiegel and Simmt (2012) 
found that the developing teacher identities of graduate students as they became teachers of post-
secondary mathematics were influenced by expectations of colleagues and workplace constraints. In 
secondary schools in Australia teachers tend to be grouped into departments structured around 
curriculum areas. Within departmental communities of non-mathematics teachers numeracy may be 
seen as synonymous with mathematics, and therefore the responsibility of mathematics teachers 
(e.g., Thornton & Hogan, 2004). Alternatively, numeracy may be approached within departmental 
communities of mathematics teachers by teaching mathematics in contrived contexts that have no 
meaning for students, an approach that does not help students to transfer their learning of 
mathematics to real situations (Boaler, 1993). 
The leadership team of a school establishes a normative identity for teaching within the 
school community by the policies that are put in place to guide teachers. An across the curriculum 
approach to numeracy could be supported by providing opportunities for professional learning and 
fostering a culture that is supportive of such an approach (e.g., Zawojewski & McCarthy, 2007). 
Furthermore, teachers are more likely to embrace professional learning if they feel that there is 
support from the school leadership team. For example, Kendall-Jones (2011) found that primary 
school teachers displayed lower levels of negative attitudes towards mathematics in schools where 
the principal promoted coherent and sustained professional development in mathematics, compared 
to teachers in a school where a similar level of support from the principal was not evident. 
Alternatively, the school leadership team can establish a normative identity for teaching that 
promotes teaching approaches designed to improve student performance on testing regimes that are 
used as measures of accountability (e.g., Hardy, 2015). 
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Teachers also participate in communities outside the school including communities formed 
through participation in professional teacher associations and professional development activities, 
including research and development projects. The nature of each of these communities means that 
the associated normative identity for teaching is likely to be progressive and involve learning where 
there are opportunities for “exploring new ways of being that lie beyond our current state” (Wenger, 
1998, p. 263). These new ways of being may prompt teachers to make changes to their practices 
provided they see that the effort required to make such changes is worthwhile (Gresalfi & Cobb, 
2011). For example, if the activities of professional communities explicitly link numeracy to 
enhancing subject learning, then teachers may see promoting numeracy learning as being 
worthwhile. 
It is clear from the discussion in this section that teachers’ interactions with those within 
school communities and professional communities expose them to a range of different normative 
identities for teaching, possibly including an identity that is supportive of an across the curriculum 
approach to numeracy. Reconciliation of this identity with the competing agendas of school 
communities and professional communities, although not easy, is necessary if a teacher is to 
develop a strong identity as an embedder-of-numeracy. Hence, school communities and 
professional communities were included in the Social Domain of the framework for identity as an 
embedder-of-numeracy. 
4.2.4 Life History Domain 
The importance of life history in shaping learning, and therefore identity development, is 
well recognised (e.g., Dewey, 1938). A teacher’s past experiences contribute to the development of 
the knowledge and affective attributes that were identified earlier as important if a teacher is to 
develop a strong identity as an embedder-of-numeracy (see Section 4.2.1 and Section 4.2.2, 
respectively). As a consequence, past experiences of mathematics, pre-service teacher education, 
and initial teaching experiences were included in the Life History Domain. 
Experiences of school mathematics, as mentioned earlier, may have led some teachers to not 
study mathematics beyond the years when it is compulsory (COAG, 2008). As a consequence, 
insufficient mathematical content knowledge or maths anxiety (Hembree, 1990) may result in these 
teachers avoiding the inherent quantitative aspects of the subjects they teach. These experiences 
will also have created images of what a discipline is and how it should be taught (e.g., Ball, 1990). 
For mathematics teachers, this image might be that mathematics is an abstract discipline that is 
context free and best taught through transmission, whereas for history teachers it may include a role 
in presenting quantitative information but not exploring these aspects in ways that would promote 
numeracy and subject learning. 
 66 
Chapter 4 Identity as an embedder-of-numeracy 
Pre-service teacher education programs provide opportunities for teachers to develop 
pedagogical content knowledge and curriculum knowledge in their chosen curriculum areas. 
However, teachers may not have had opportunities to develop these two types of knowledge in 
relation to numeracy in the subjects they teach if the specific issues related to supporting the 
development of students’ numeracy capabilities were not addressed in their pre-service teacher 
education. Furthermore, only the pre-service teacher education undertaken by specialist 
mathematics teachers and primary school teachers provide access to courses that address 
mathematical content knowledge. Even so, developing mathematical knowledge can be challenging 
for primary pre-service teachers if they have high levels of maths anxiety (Gresham, 2008; 
Hembree, 1990). Pre-service teachers of subjects other than mathematics may not have had access 
to courses that enable them build on the mathematical knowledge developed through their school 
education. Furthermore, those teaching mathematics out of field may not have studied mathematics 
beyond first year university level (Harris & Jensz, 2006; McKenzie et al., 2014) and so have 
insufficient mathematical content kowledge for the subjects they teach. 
The developing identity of beginning teachers can be influenced by expectations of 
colleagues and workplace constraints (e.g., Beauchamp & Thomas, 2009; Beisiegel & Simmt, 
2012). Thus, it seems reasonable that a teacher’s experiences as beginning teachers are likely to be 
influential in shaping a teacher’s beliefs about the nature of numeracy (i.e., personal conception of 
numeracy) and whether numeracy is seen as an important part of learning in the subjects they teach.  
For the reasons discussed in this section, teachers are more likely to develop a strong 
identity as an embedder-of-numeracy if their past experiences have enabled them to cultivate the 
knowledge and affective attributes that are supportive of an across the curriculum approach to 
numeracy. As a result, past experiences of mathematics, pre-service teacher education, and initial 
teaching experiences were included in the Life History Domain of the framework for identity as an 
embedder-of-numeracy. 
4.2.5 Context Domain 
How individuals participate in the communities to which they belong (i.e., their practices) is 
interconnected with their identity, with practices and identity developing concurrently (Wenger, 
1998). Teachers’ classroom practices are the way they participate within the classroom community, 
so it could be argued that affordances and constraints on these practices in relation to promoting 
numeracy learning will contribute to shaping their identity. There are two factors that seem to 
influence how teachers participate in the classroom community: school policies related to 
numeracy, where the phrase school policies is used broadly to encompass the ways in which 
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curriculum authorities and school administrators create the environment within which teachers 
work, and the resources that teachers can access. 
There are a number of different approaches that can be taken to promote numeracy learning 
(see Section 2.1.2) and as a result curriculum documents for each approach will differ to reflect the 
way in which numeracy is seen by the responsible curriculum authority. Furthermore, these 
documents may or may not provide assistance for teachers in implementing the preferred approach. 
Nevertheless, the approach taken by the responsible curriculum authority is likely to be supported 
by school administrators. However, in some jurisdictions there are testing regimes for numeracy 
that are used as measures of accountability. This can place pressure on school administrators and 
subsequently teachers to ensure that student performance on such testing is maintained at levels that 
are considered acceptable, thus creating tension between what curriculum authorities intend and the 
practices that take place in classrooms (e.g., Carter et al., 2015). For example, the Australian 
Curriculum (ACARA, 2014a) promotes an across the curriculum approach to numeracy that 
requires teachers to explicitly attend to numeracy in the subjects they teach but provides little 
support to assist teachers to be able to do this effectively (Geiger et al., 2013; Goos et al., 2012). 
There is also evidence that the program of national numeracy testing (NAPLAN) can place pressure 
of teachers to prepare students for the NAPLAN test (e.g., Hardy, 2015) rather than providing 
students with opportunities to develop richer numeracy capabilities. 
The way in which numeracy was conceptualised in the present study involves the use of 
representational, physical, and digital tools (Goos et al., 2014; see Section 2.1.1). Consequently, if 
teachers are to design and implement tasks that exploit numeracy learning opportunities in the 
subjects they teach, then it could be argued that they need to have access to appropriate tools. 
Access to digital tools, such as computers, can be problematic in some schools (e.g., Goos & 
Bennison, 2008). As a result, even if teachers see opportunities to design tasks that utilise digital 
tools, lack of access to such tools may prevent teachers from implementing tasks of this nature in 
their classroom. 
Based on the discussion in this section, it seems reasonable that the development of a strong 
identity as an embedder-of-numeracy will be aided by school policies that promote an across the 
curriculum approach to numeracy that encompasses a rich interpretation of numeracy, and by 
access to the teaching resources needed to support this approach. Hence, school policies and 
resources were included in the Context Domain of the framework for identity as an embedder-of-
numeracy. 
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4.2.6 A conceptual framework for identity as an embedder-of-numeracy 
The many factors shown in previous research to contribute to teacher identity (see Section 
2.2.2) seem to fall into five broad categories. For this reason, five Domains of Influence were used 
as the organisational structure for the framework for identity as an embedder-of-numeracy. The 
framework was developed in a way that sought to capture the complexity of a teacher’s identity 
without imposing onerous practical limitations on the subsequent empirical studies. In order to 
achieve this outcome, it was necessary to be selective about which factors to include in the 
framework. A case has been made that certain factors are particularly relevant for a teacher 
promoting numeracy learning through the subjects they teach. The resulting framework for identity 
as an embedder-of-numeracy is summarised in Table 4.1. There are no doubt other factors that 
could have been included in this framework but the more comprehensive the framework becomes, 
the less amenable it is for use in empirical studies. 
Table 4.1 
Conceptual Framework for Identity as an Embedder-of-numeracy  
Domains of influence Characteristics   
Knowledge  Mathematics content knowledge (MCK) 
Pedagogical content knowledge (PCK) 
Curriculum knowledge (CK) 
Affective Personal conception of numeracy 
Attitudes towards mathematics 
Perceived preparation to embed numeracy 
Social School communities 
Professional communities 
Life History Past experiences of mathematics  
Pre-service program 
Initial teaching experiences 
Context School policies 
Resources 
Note. Reprinted from “Developing an analytic lens for investigating identity as an embedder-of-
numeracy” by A. Bennison, 2015, Mathematics Education Research Journal, 27, p. 15. Copyright 
2105 by Springer. Reprinted with permission. 
The framework for identity as an embedder-of-numeracy is taxonomic, and so does not 
reveal how the included factors interact to produce a particular identity or how such an identity 
might change over time (see Section 2.2.4). To address this limitation, an adaptation of Valsiner’s 
(1997) zone theory was proposed as an appropriate theoretical framework for the present study. The 
rationale for using Valsiner’s zone theory in the study was presented in Section 2.3. The following 
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section explains the manner in which this theoretical framework was interpreted and how data were 
coded in the empirical phase of the study. 
4.3 Understanding a Teacher’s Identity as an Embedder-of-numeracy 
Valsiner’s (1997) zone theory allows insights into learning through analysis of how an 
individual’s zone of proximal development (ZPD) maps onto her/his zone of free movement/zone 
of promoted action (ZFM/ZPA) complex (see Section 2.3.2). Educational research investigating 
both student (e.g., Bansilal, 2011) and teacher (e.g., Goos, 2013) learning has utilised Valsiner’s 
theoretical framework. Earlier in this thesis, the manner in which Goos (2013) employed Valsiner’s 
zone theory was proposed as a way of understanding how the factors that contribute to teacher’s 
identity as an embedder-of-numeracy interact to form a particular identity and how this identity 
might change over time (see Section 2.3.3). Employing Valsiner’s theoretical framework in the 
present study requires justification of how the interpretation of each zone is related to the 
framework for identity as an embedder-of-numeracy and how such an interpretation permits data 
analysis. 
Mapping characteristics included in the framework for identity as an embedder-of-numeracy 
(see Table 4.1) onto a teacher’s ZPD and ZFM/ ZPA complex in a way consistent with how each 
zone was interpreted provides a means for content analysis of interview transcripts in the empirical 
phase of the study. The mapping process was not one-to-one because the complexity of teacher 
identity leads to some factors having potential to be mapped onto more than one zone. However, the 
mapping did enable excerpts of text from interview transcripts to be coded as contributing to a 
particular zone depending on the nature of the comment. The ways in which the ZPD, ZFM, and 
ZPA were interpreted in the present study along with examples of how excerpts of text from 
interview transcripts were coded are presented in this section. Although the ZFM and ZPA overlap 
and form a ZFM/ZPA complex, these zones are treated separately in this section to allow detailed 
exploration of the mapping process. 
4.3.1 Interpreting the zone of proximal development 
The zone of proximal development (ZPD) can be seen as “a set of possibilities for 
development of new knowledge, beliefs, goals and practices created by the teacher’s interaction 
with the environment, the people in it and the resources it offers” (Goos, 2013, p. 523). 
Consequently, it could be argued that this zone will depend on the current state of a teacher’s 
knowledge, beliefs, goals, and practices and the zone provides a crucial link between a teacher’s 
past, present, and future identity. For this reason, the factors included in the Knowledge Domain, 
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Affective Domain, and Life History Domain of the framework for identity as an embedder-of-
numeracy (see Table 4.1) were mapped onto the ZPD. 
The set of possibilities for development that is of interest in this study are those that 
strengthen a teacher’s identity as an embedder-of-numeracy. Self-efficacy influences the choices 
that an individual makes (Bandura, 1977), so it seems reasonable to suggest that some prospective 
teachers may exercise agency and self-impose limitations on how they might develop if they have 
negative attitudes towards mathematics (e.g., Gresham, 2008; Hembree, 1990). Furthermore, some 
beginning teachers may not feel prepared to embed numeracy into the subjects they are teaching 
(e.g., Milton et al., 2007; Swaby et al., 2010). A teacher’s personal conception of numeracy also has 
potential to influence possibilities for development. For example, it could be argued that a teacher 
with a personal conception of numeracy that encompasses the use of mathematical knowledge in 
contexts, is unlikely seek to develop a repertoire of classroom practices that provide students with 
opportunities to foster positive dispositions towards the use of mathematics, the ability to use of 
tools to mediate thinking, and build the capacity to apply a critical orientation; that is, the additional 
numeracy capabilities needed for the 21st century (Goos et al., 2014). 
Teachers’ current mathematical content knowledge, pedagogical content knowledge, and 
curriculum knowledge may also impose limitations on their set of possibilities for development. 
Without the appropriate level of each of these three types of knowledge teachers may find it 
difficult to develop classroom practices that effectively embed numeracy into the subjects they 
teach. For example, inadequate mathematical content knowledge in relation to discrete and 
continuous variables may result in statistical information presented in tabular or graphical form 
being interpreted incorrectly. As a result, students may develop misconceptions about the nature of 
different types of data. Furthermore, pedagogical content knowledge and curriculum knowledge are 
important for identifying where and how numeracy can enhance subject learning. For example, 
being unable to make connections between the mathematical aspects of boundary objects (Star & 
Greisemer, 1989) and subject curriculum goals may prevent teachers from fully exploiting the 
potential of some tasks (e.g., Bennison, 2015d; see Section 2.1.4). 
Teachers’ existing knowledge and affective attributes have developed through their 
experiences while a student at school and university, and as a teacher in their current and previous 
schools (see Section 4.2.4). Thus factors that were included as part of the Life History Domain may 
also shed some light on the set of possible ways that a teacher might develop. School mathematics 
is not always a positive experience for students and may result in limited formal study of 
mathematics (e.g., COAG, 2008). Teachers may graduate from pre-service teacher education 
programs feeling as though they are not adequately prepared to promote numeracy learning (e.g., 
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Milton et al., 2007), or begin teaching in a school where preparing students for a standardised 
testing regime is the normative identity for teaching (e.g., Hardy, 2015). 
The Knowledge Domain and Affective Domain involve cognitive processes that can only be 
inferred from what a teacher says and does, and the Life History Domain involves what happened in 
a teacher’s past that can only be accessed by asking a teacher about his or her experiences. 
Consequently, information about factors that contribute to these domains, and hence the ZPD, stem 
from interview data and lesson observations. The interview data are reliant on what the teacher 
chooses to reveal, and on the teacher’s memory and interpretations of events. In the empirical phase 
of the present study, excerpts of text from the interview transcripts identified as contributing 
information about factors that were part of the Knowledge Domain, Affective Domain, and Life 
History Domain were coded as influencing the teacher’s ZPD. For example, in the scoping 
interview (see Section 3.5.5) teachers were asked about their experiences of mathematics at school. 
The information that each teacher provided included the level of mathematics studied and how he or 
she felt about mathematics. Thus, asking about a factor that was included in the Life History 
Domain contributed information from which the current state of a teacher’s mathematical content 
knowledge (a factor from the Knowledge Domain) as well as his or her attitudes towards 
mathematics (a factor from the Affective Domain) could be inferred. Further information that 
contributed to this zone was obtained through classroom observations. 
4.3.2 Interpreting the zone of free movement 
The zone of free movement (ZFM) can be seen as being related to a teacher’s professional 
context and “suggests which teaching actions are permitted” (Goos, 2013, p. 523, emphasis in 
original). For this reason, the ZFM is likely to be constituted by factors included in the framework 
for identity as an embedder-of-numeracy (see Table 4.1) that have potential to provide affordances 
or constraints on the teacher’s practices in relation to promoting numeracy learning across the 
curriculum. Thus, some factors included in the Affective Domain, Social Domain, and Context 
Domain could be seen as contributing to the ZFM. 
Teachers’ interactions with those within their professional context (limited in the case of this 
study to students, colleagues, school administrators within the school, and to those encountered 
through professional teacher associations and professional development activities outside the 
school) may contribute to how they are able to embed numeracy into the subjects they teach. For 
example, if teachers’ interactions with students lead to the perception that highly structured 
activities are required then teachers may feel unable to implement tasks that give students 
opportunities to show initiative, take risks, and work flexibly with mathematics: the dispositions 
dimension of numeracy seen in Goos et al.’s (2014) numeracy model. Alternatively, teachers may 
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be supported in taking an across the curriculum approach to numeracy if such an approach has been 
adopted by departmental colleagues and is considered the normative identity for teaching. 
The school policy environment in which teachers work can provide both affordances and 
constraints on the approach they may feel able to take with regards to numeracy. If an across the 
curriculum approach to numeracy is adopted by curriculum authorities (e.g., ACARA, 2014a), then 
teachers are required to promote numeracy learning through the subjects they teach. Professional 
standards aligned with the curriculum intent (e.g., AITSL, 2012) serve to reinforce the expectation 
that all teachers have a role in promoting numeracy learning. However, accountability measures 
imposed on schools, such as national numeracy testing, can work counter to the curriculum intent 
by providing a competing agenda with potential to influence the approaches to numeracy taken in 
schools (e.g., Hardy, 2015). Access to the teaching resources needed for implementing tasks seen as 
being appropriate for promoting numeracy learning may also impose a constraint on teachers’ 
practices. 
Excerpts of text from interview transcripts in the present study were coded as contributing to 
the ZFM if they provided information about factors from within the Affective Domain, Social 
Domain, and Context Domain that were likely to influence which teaching actions are permitted. 
For example, in post-lesson interviews (see Section 3.5.5) teachers were asked to provide their 
rationale for implementing the observed tasks in the manner they did. Comments about factors that 
prevented tasks being implemented in the way the teacher wanted were coded as contributing to the 
ZFM; for example, being unable to implement a task in the desired way because of lack of access to 
computers (a factor from the Context Domain) or feeling that students in the class needed structured 
activities (a factor that could be considered from the Social Domain or Affective Domain). Also 
coded as part of the ZFM were any comments that teachers made about aspects of their professional 
context, such as national numeracy testing (NAPLAN), that affected their classroom practice in 
relation to numeracy (a factor from the Context Domain). 
4.3.3 Interpreting the zone of promoted action 
The zone of promoted action (ZPA) can be seen as activities that “promote certain teaching 
approaches” Goos (2013, p. 523, emphasis in original). Thus, it could be argued that this zone will 
encompass opportunities teachers have to learn about how to effectively exploit numeracy learning 
opportunities in subjects across the curriculum. There are several ways that teachers can engage in 
such activities. The most obvious of these ways is through formal activities such involvement in 
professional associations and professional development workshops. However, the nature of these 
activities can also be informal. Teachers who feel dissatisfied with their current classroom practices 
may actively seek ways to address their perceived lack of self-efficacy (e.g., Goos, 2013). 
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Additionally, mentoring relationships and working collaboratively with colleagues to design units 
of work may provide opportunities to learn how to embed numeracy across the curriculum. This is 
not to say that all promoted teaching approaches necessarily assist teachers to exploit numeracy 
learning opportunities across the curriculum. The school policy environment can mean that 
opportunities are available for teachers to participate in activities that enhance their capacity to 
embed numeracy into the subjects they teach. However, it is also possible that activities made 
available to them promote teaching approaches designed to improve student performance on 
standardised numeracy testing. 
Excerpts of text from interview transcripts in the present study were coded as contributing to 
the ZPA if they provided information about factors from within the Affective Domain, Social 
Domain, and Context Domain likely to provide opportunities for teachers to participate in activities 
that promote teaching approaches related to numeracy. For example, in the scoping interview (see 
Section 3.5.5) teachers were asked if there had been any opportunities for them to learn about how 
to embed numeracy into the subjects they teach. Comments about mentoring by a colleague (a 
factor from the Social Domain) or seeking ideas through professional reading to improve teaching 
in this area (a factor from the Affective Domain) were coded as contributing to the ZPA. Also 
coded as part of the ZPA were comments teachers made about particular teaching approaches for 
numeracy that were being promoted in the school (a factor from the Context Domain). 
4.4 Chapter Summary and Conclusions 
The proposition put forward in this chapter is that a feasible means of identifying ways to 
support teachers to promote numeracy learning across the curriculum is to use the construct of 
teacher identity in conjunction with an adaptation of Valsiner’s (1997) zone theory. The complexity 
of teacher identity makes this construct difficult to use in empirical research (e.g., Enyedy et al., 
2005). The situated nature of identity was utilised to enable a focus to be placed on those factors 
that seem to be most relevant in the current situation. A framework for identity as an embedder-of-
numeracy was developed theoretically. This framework is organised by five Domains of Influence: 
Knowledge, Affective, Social, Life History, and Context; and includes factors that seem to 
influence how teachers promote numeracy learning across the curriculum (see Section 4.2). 
The framework for identity as an embedder-of-numeracy attempts to capture the complexity 
of a teacher’s identity but does not reveal how the contributing factors interact to produce a 
particular identity nor the possible trajectories of this identity. An adaptation of Valsiner’s (1997) 
zone theory was proposed as a way of overcoming this limitation of using the framework for 
identity as an embedder-of-numeracy alone. Considering Valsiner’s three zones from the 
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perspective of teacher-as-learner has potential to contribute to understanding teacher learning 
(Goos, 2013), and therefore identity development. For this reason, Valsiner’s zone theory was 
examined alongside the framework for identity as an embedder-of-numeracy (see Section 4.3). It 
was not possible to map each factor included in the framework onto a single zone because some of 
factors could be seen to contribute to more than one zone. 
The findings presented in this chapter were derived from a theoretical perspective so the 
robustness of the proposed approach required testing with empirical data to identify potential 
strengths and weaknesses. The findings of the empirical phase of the study, presented in the 
following two chapters (Chapter 5 and Chapter 6), permitted this testing. These findings were used 
to re-examine and evaluate how the framework for identity as an embedder-of-numeracy used in 
conjunction with an adaptation of Valsiner’s (1997) zone theory might contribute to identifying 
ways to support teachers to promote numeracy learning across the curriculum. 
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Chapter 5  
Understanding a Teacher’s Identity as an Embedder-of-numeracy 
The case studies of Karen, Martin, Michelle, and Michael are presented in this chapter. 
These detailed case studies provide an opportunity to explore the ways in which the framework for 
identity as an embedder-of-numeracy could be used with the adaptation of Valsiner’s (1997) zone 
theory (see Chapter 4) in empirical studies. The case studies represent each teacher’s initial identity 
as an embedder-of-numeracy in terms of the timeframe of the study. Analysis of each case enables 
some tentative assertions to be made about possible starting points for interventions that might 
assist these teachers to embed numeracy into the subjects they teach. 
Data collected in three visits to the Metropolitan High School during the first year of the 
present study were drawn on to develop the case studies. Each teacher was observed teaching one or 
more subjects: Karen and Michael taught science, Martin taught English and history, and Michelle 
taught English, history, and physical education. The case studies centre on factors that influence 
how these teachers promoted numeracy learning in the subjects of science or history. These subjects 
were the focus for the present study because they were taught by at least three teachers and they 
provided an opportunity to explore the use of boundary objects (Star & Greisemer, 1989; see 
Section 2.1.4) to promote numeracy learning. In addition, two teachers in the study (Michael and 
Barbara) were teaching science out of field: an interesting finding from the study was the additional 
challenges faced by out-of-field teachers when they are expected to promote numeracy learning. At 
Metropolitan High School, for Karen and Michael the focus subject was science, and for Martin and 
Michelle the focus subject was history. 
Metropolitan High School was the school context for the teachers, so information about this 
school is provided in the first section of the chapter. The case studies of Karen, Martin, Michelle, 
and Michael follow in the next four sections. Each case study includes information about the 
teacher, one or more vignettes selected from the observed lessons, and an analysis of her or his 
identity as an embedder-of-numeracy. This analysis includes a discussion the teacher’s identity as 
an embedder-of-numeracy in terms of the Domains of Influence and analysis using the proposed 
adaptation of Valsiner’s (1997) zone theory. The cases are then used to re-examine the framework 
for identity as an embedder-of-numeracy and adaptation of Valsiner’s zone theory proposed in 
Chapter 4. The chapter concludes with a summary of how the findings contribute to identifying 
ways to support teachers to promote numeracy learning across the curriculum through a 
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sociocultural approach that employs teacher identity as the analytic lens (i.e., address the two 
research questions for the study; see Section 1.2). 
5.1 Metropolitan High School 
Metropolitan High School was located in a low socioeconomic area in a large metropolitan 
city. The school’s Index of Community Socio-Educational Advantage (ICSEA)14 (ACARA, 2014b) 
was 957 and 76% of the student population was considered to be below the Australian median 
(ACARA, 2014c) in the first year of the study. There were approximately 900 students at the 
school. Recent student performance on national numeracy testing (NAPLAN) was close to schools 
with students from comparable backgrounds, but substantially below the national average 
(ACARA, 2014c). The principal had agreed to the school’s participation in the Numeracy Project 
(see Section 3.3.2), possibly because she saw this project as having potential to improve school 
performance on NAPLAN. 
Pastoral care at Metropolitan High School was organised around a House system where 
students belonged to one of four Houses, each consisting of students from all year levels and 
administered by a group of teachers led by a Housemaster. Classes for Grades 8 and 9 were 
arranged in what teachers referred to as POD groups The purpose of this arrangement was to assist 
students make the transition from primary to secondary school by reducing the number of teachers 
they encountered. Students had one teacher for both English and history and another teacher for 
both mathematics and science. These teachers, referred to as POD partners, belonged to the same 
House and were located in the same multidisciplinary staffroom. Students in Grade 8 studied 
English, mathematics, science, and history (the core subjects) in both semesters, whereas in Grade 9 
English, mathematics, and science were taken in both semesters and physical education replaced 
one semester of history. Lesson observations for the study took place in two Grade 9 POD groups: 
one of these POD groups was taught mathematics, science, English, and history by Karen and 
Martin and the other class was taught these subjects by Michelle and Michael; therefore, Karen and 
Martin were POD partners as were Michelle and Michael. 
At Metropolitan High School, there were four 70-minute lessons in a school day and three 
lessons per week for English, mathematics, science, and history. Teachers had access to a computer 
and a data projector in classrooms but students’ access to computer technology was limited: there 
were a small number of computers in each classroom but no computers for students to use in 
14 The ICSEA allows comparison of NAPLAN results by providing a scale that takes into account 
student-level and school-level factors known to have an impact of students’ educational outcomes. 
The scale has a median of 1000 and a standard deviation of 100. 
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science laboratories and, although the school had a laptop hire scheme, only a few students had 
personal laptops in the observed lessons. 
Metropolitan High School implemented the Australian Curriculum (ACARA, 2014a) for 
English, Mathematics, and Science in 2012 and for History in 2013, the first year of the present 
study. Teachers were required to use a resource package developed by the state education authority 
(hereafter referred to as the Resource Package), which was designed specifically to assist 
implementation of the Australian Curriculum, and included detailed teaching plans and assessment 
activities. 
5.2 Karen: An Early Career Science Teacher 
Karen was in her third year of teaching when the present study began and had been at 
Metropolitan High School since she graduated. Her case illustrates the importance of making links 
between numeracy and curriculum goals to provide a purpose for promoting numeracy learning 
through science and how this outcome can be achieved through the use of boundary objects (Star & 
Geisemer, 1989; that is, artefacts that exist in both mathematics and other subjects which may have 
different meanings associated with their use in the practices of different communities (see Section 
2.1.4). 
5.2.1 Professional context 
According to Karen, the POD group arrangement of classes in Grades 8 and 9 gave her more 
time to “develop a relationship, routines and it’s good if you are behind in one subject, you’ve got a 
bit more time to catch up. You can borrow some time from different subjects” 
(Karen_28May13_1). She identified benefits and drawbacks associated with the structure of the 
school day. On one hand, the 70-minute lessons “allow you time to do a longer activity, to dive a bit 
deeper into the content” (Karen_28May13_2); however, Karen sensed that a consequence of only 
three science lessons per week coupled with the high level of student absenteeism meant that many 
students had gaps in their knowledge. As a result, she believed that she needed to provide her 
students with highly structured activities because they  
struggle with any activity that is out of the ordinary, or out of their routine or involves them 
having less guidance. They tend to either go, “Oh, that’s too hard” and switch off … 
anything outside the routine just kind of scares them and rather than failing they’d rather not 
try. (Karen_28May13_3) 
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Karen reported a few instances where lack of access to technology had impacted on the 
activities she was able implement. For example, in one lesson students used disc shaped candy 
coated sweets to physically simulate radioactive decay. Karen would have liked her class to explore 
this scientific concept further through a digital simulation available through the Internet, but 
reported that lack of individual access to computers had prevented her from doing so: “I just 
thought it [the digital simulation] was a really interesting interactive activity that if they all had 
laptops I would have loved to have given that to them” (Karen_10Sept 13_1). 
5.2.2 Background and experiences 
Karen completed a Bachelor of Applied Science, majoring in Biology, and a Bachelor of 
Education. Her studies included a first year mathematics subject and a mathematics curriculum 
subject designed to underpin teaching of junior secondary mathematics (Grades 8–10) and 
Mathematics A (a non-calculus subject that can be taken in the final two years of secondary school). 
There were no courses in her pre-service teacher education program designed to promote numeracy 
learning in science. Most of Karen’s teaching experience had been with mathematics classes 
because of a shortage of mathematics teachers at Metropolitan High School. As a result, there had 
been few opportunities for her to teach science and extend her science pedagogical and curriculum 
knowledge since she graduated. 
The new science curriculum was implemented at Karen’s school in the year before the 
present study commenced. She reported using the Resource Package (see Section 5.1) but thought 
that it limited the pedagogical approach she was able to take because she needed “time to explore 
[scientific concepts] a bit more. It [using the resource Package] has ended up being me telling them 
exactly what to do and when to do it, how to do it (Karen_30Nov12_1). The science program had 
been revised and Karen hoped that the amended program would allow her a little more flexibility 
There had been few opportunities for Karen to participate in formal professional 
development related to numeracy prior to her participation in the Numeracy Project (see Section 
3.3.2). In her opinion there “hadn’t been a lot of deliberate PD [professional development] about 
how to incorporate literacy and numeracy, it was I guess the teacher’s responsibility to develop 
their own skills” (Karen_28May13_4). To this end, she recounted how she had found mentoring 
from her head of department and her own reading useful. When asked by her Principal if she was 
interested in participating in the Numeracy Project, she was: 
definitely interested because it’s always been something that I would like to develop more 
when I was beginning teaching because I was only a second year when we started doing this 
[the Numeracy Project] so I just jumped at the opportunity. (Karen_28May13_5) 
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Many of her colleagues, in Karen’s opinion, considered that including numeracy in the 
subjects they were teaching would take time away from that needed for the subject but she thought 
that “literacy and numeracy are something that has to happen across the board” 
(Karen_28May13_6) and involved teachers in “just taking the opportunities that already exist and 
enhancing them” (Karen_28May13_7). In this regard, “science lends itself nicely to teaching 
numeracy because just the nature of science uses lots of data … the context is already there you’ve 
just got to find the opportunities that are already there” (Karen_28May13_8). This view of 
numeracy is consistent with Karen’s description of numeracy as “mathematical concepts but in the 
context of real life” (Karen_28May13_9). Thus, Karen could see a place for numeracy in science 
but her personal conception of numeracy seemed to only encompass mathematical knowledge and 
context, even though other dimensions of numeracy (see Goos et al., 2014) were evident in 
observed lessons (e.g., see Section 5.2.3). 
5.2.3 Promoting numeracy learning in science (May 2013) 
During the study Karen was observed teaching five Grade 9 science lessons. The vignette 
presented in this section came from a lesson taught at the beginning of the unit on Earth Science in 
May 2013 in which students study the formation of the continents (ACARA, 2014a; see Section 
3.3.1). Numeracy demands identified by the numeracy icon in relevant content descriptions and 
elaborations are spatial reasoning involving interpretation of maps and diagrams. The vignette 
illustrates how Karen was able to identify a numeracy learning opportunity within the science 
curriculum that was not identified in curriculum documents and how she employed a boundary 
object (Star & Greisemer, 1989; see Section 2.1.4) to help students appreciate the extent of 
geological time (see Chapter 6 for further discussion of boundary objects). At this point in time 
Karen had participated in two Numeracy project workshops. 
Karen’s objective for the lesson was to help students “to understand that human history is 
just a sliver on the end of the timeline” (Karen_28May13_10), which she hoped to achieve by 
having students construct a timeline using a measuring tape and a roll of paper towel. She felt that 
the activity challenged students’ “preconceptions that are probably a bit wrong because they’ve 
looked at text book pictures or tables like that where it really gives you the wrong idea about 
proportionally what’s going on (Karen_29May13_2). 
Karen presented students with a table that listed selected biological and geological events, 
ranging from the formation of the Earth to the appearance of the first humans (some of these events 
are shown in Table 5.1). Karen conducted the activity with the whole class by asking questions to 
elicit an appropriate scale for the timeline and the correct position for each event. The class decided 
to use 1 metre to represent 1,000 million years and came to a consensus that the formation of the 
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Earth should be 4.6 metres from the position of the present day (i.e., from the end of the roll of 
paper towel). One student was then asked to measure this distance and label the point as Formation 
of the Earth. The position of subsequent points were determined and labeled in the same manner. 
Table 5.1 
A Selection of Events in the History of the Earth that Students Located on the Paper Towel Timeline 
 Years ago 
Event (Millions of years) 
Formation of the Earth  4,600 
First bacteria 3,500 
First fish 505 
Extinction of the dinosaurs 65 
First humans 2 
Note. Reprinted from “Teacher identity and numeracy: Evaluating a conceptual framework for 
identity as a teacher of numeracy” by A. Bennison, 2014. In J. Anderson, M. Cavanagh & A. 
Prescott (Eds.), Curriculum in focus: Research guided practice (Proceedings of the 37th annual 
conference of the Mathematics Education Group of Australasia), p. 99. Copyright 2014 by the 
Mathematics Education Research Group of Australasia. Reprinted with permission. 
Difficulties were encountered by some students with several of the more recent events in the 
history of the Earth where the distances that needed to be calculated and marked were less than 1 
metre (e.g., the location of the extinction of the dinosaurs located 65cm from the present day). 
Calculations for these events required students to convert the distance calculated to centimetres 
before they could add these events to their timeline. The final event, the appearance of the first 
humans 2 million years ago, was marked 2 millimetres from the end of the timeline. The timeline 
(see Figure 5.1) was placed on the classroom display board at the end of the lesson and Karen noted 
that students “all wanted to sign their names at the end [which] meant they were really proud of it” 
(Karen_29May13_1). In subsequent lessons Karen planned to add further geological events to the 
timeline as they were studied (e.g., major stages in the formation of the continents). 
Constructing a scaled timeline (an artefact that could be considered as a boundary object; 
see Chapter 6 for further discussion of timelines as boundary objects) to assist students to 
understand geological time illustrates how attending to numeracy learning opportunities has 
potential to enhance learning in science. Analysis of the task in terms of how numeracy was 
conceptualised in the present study (i.e., the numeracy model developed by Goos et al., 2014), 
revealed that the task promoted an understanding of geological time (i.e., there was a context within 
the science curriculum) by using mathematical knowledge (measurement, ratio, problem solving), 
and representational and physical tools (timeline and table, and measuring tape, respectively). 
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Students had the opportunity to develop some confidence in using mathematics (dispositions) but 
this aspect could have been developed further if Karen had used a less teacher directed approach. 
 
 
(a) Photograph showing the beginning of the timeline 
 
(b) Photograph showing the length of the timeline of the history of the Earth 
Figure 5.1 Photographs of the paper towel timeline from Karen’s lesson in the Earth 
Science unit. Reprinted from “Teacher identity and numeracy: Evaluating a conceptual 
framework for identity as a teacher of numeracy” by A. Bennison, 2014. In J. Anderson, 
M. Cavanagh & A. Prescott (Eds.), Curriculum in focus: Research guided practice 
(Proceedings of the 37th annual conference of the Mathematics Education Group of 
Australasia), p. 99. Copyright 2014 by the Mathematics Education Research Group of 
Australasia. Reprinted with permission. 
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As this lesson observation also contributed data to the Numeracy Project (see Section 3.3.2), 
Karen was asked which dimensions of the numeracy model (Goos et al., 2014) she had incorporated 
into the activity as part of her planning: 
I wanted to use not only the content of the numeracy context of using scales but I wanted it 
to be an interactive kind of activity. So I wanted them to be able to use the tape measure and 
the paper and the whiteboard markers and be able to physically interact with the tools and so 
that was priority for me. And the context obviously was where I began with the topic of the 
geological timescale, and I was really looking forward to today’s lesson as the second part 
of what I did yesterday because I was able to do more with the dispositions facet of the 
model. I was able to get them to show a bit more initiative and because we introduced the 
concept of scale yesterday, they were already thinking along those terms so they had, they 
were, two steps ahead already, whereas yesterday I really had to take it right back to basics 
and so they were able to, I think, show a bit more initiative and be a bit more fearless 
because they were already confident about what they were working with. (Karen_29May13) 
She identified that incorporating a critical orientation proved to be the most challenging: “That 
[critical orientation] is probably the area that unless it’s kind of obvious to me, I do find it difficult 
to incorporate it sometimes, particularly this class … I find it difficult to get their brains thinking 
critically” (Karen_29May13_4). 
The activity provided additional numeracy learning opportunities that Karen may not have 
seen or was not in a position to act on. For example, she conducted a very structured whole-class 
activity thus limiting students’ opportunities for initiative and risk-taking, even though attending to 
dispositions was one of her goals. Allowing students to work in small groups to choose and justify a 
scale for the timeline that enabled it to be constructed within the physical confines of the classroom 
would have required students to adopt a critical orientation. Karen may have been constrained by 
factors including insufficient knowledge of how to design tasks that effectively bring to light all 
dimensions of numeracy and her perception of her students’ needs. 
5.2.4 Supporting Karen to embed numeracy in science 
Karen’s case provides evidence that characteristics from each of the five Domains of 
Influence included in the framework for identity as an embedder-of-numeracy (see Table 4.1) 
contribute to this identity. There were opportunities during her pre-service teacher education to 
develop mathematics content knowledge but not pedagogical content knowledge in relation to 
numeracy in science (Life History Domain; see Table 5.5). Karen’s opportunities to teach science 
had been limited. For this reason, it could be argued that she would be better placed to promote 
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numeracy learning in science if she had assistance to develop pedagogical content knowledge 
specifically in relation to numeracy (Knowledge Domain; see Table 5.6). Her espoused personal 
conception of numeracy could be considered narrow and her perceptions of students’ needs 
appeared to influence her classroom practice and how she promoted numeracy learning. (Affective 
Domain; see Table 5.7). Karen’s interactions with colleagues and others, including mentoring and 
her participation in the Numeracy Project, could be seen as providing opportunities to learn about 
promoting numeracy learning in science (Social Domain; see Table 5.8). Finding more effective 
ways to use the resources for teaching numeracy she has access to would may her more freedom to 
design tasks that effectively exploit numeracy learning opportunities in science (Context Domain; 
see Table 5.9); for example, utilising group tasks that incorporate digital tools rather that tasks than 
tasks that require individual access to these tools. 
When Karen’s identity as an embedder-of-numeracy is analysed using the proposed 
adaptation of Valsiner’s (1997) zone theory (see Section 4.3) it seems as though this identity is 
likely to strengthen over time without further intervention. She appeared to have some of the 
knowledge and affective attributes needed to support the development of a stronger identity as an 
embedder-of-numeracy. Furthermore, although factors from within her professional context seemed 
to constrain some of her practices, they did not appear to prevent her from implementing tasks that 
were aligned with the teaching actions promoted by the Numeracy Project. 
The set of possible ways in which Karen’s identity as an embedder-of-numeracy might 
develop, her zone of proximal development (ZPD), seemed to be supported by mathematics content 
knowledge necessary for embedding numeracy in science  (e.g., recognising the importance of 
proportional reasoning for learning in the timeline activity). However, her past experiences suggest 
that it is less likely that she has sufficiently developed pedagogical content knowledge for attending 
to numeracy demands and opportunities in this subject. Developing knowledge for designing tasks 
that promote numeracy learning in non-mathematics subjects was not addressed during her pre-
service teacher education but she had sought to begin to develop this type of knowledge (see 
Section 5.2.2). Even though Karen had limited experience teaching science, she demonstrated the 
capacity to identify numeracy learning opportunities present in the science curriculum (e.g., the 
vignette in Section 5.2.3) and could see connections between numeracy and science 
(Karen_28May13_8). Moreover, she expressed a desire to learn about how to promote numeracy 
learning through science (Karen_28May13_5); perhaps driven by the connections she could see. It 
does not seem unreasonable to suggest that her curriculum knowledge is likely to deepen as she 
gains experience and becomes familiar with the new science curriculum (ACARA, 2014a). Karen’s 
espoused personal conception of numeracy seemed to encompass the use mathematical knowledge 
in contexts, which may influence how she designs how she designs tasks if she were to do so 
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without explicit reference to a framework such as the Goos et al.’s (2014) numeracy model. 
Furthermore, her perception that she needed to take a very structured approach in lessons 
(Karen_28May13_3) may constrain that approaches she is prepared to employ in the classroom. 
The zone of promoted action/zone of free movement (ZFM/ZPA) complex experienced by 
Karen contained contradictory elements. She was expected to embed numeracy in science (e.g., the 
new curriculum and her principal-sanctioned participation in the Numeracy Project) and she had 
several opportunities to learn about how to do this (e.g., the Numeracy Project, her own reading, 
and mentoring). Conversely, the pedagogical approach she felt able to take was possibly influenced 
by factors that included pressure to improve students’ NAPLAN results (e.g., see 
Martin_29May13_1; Section 5.3.1) and lack of access to appropriate technology (e.g., the lesson in 
which students investigated radioactive decay). 
Considering Karen’s ZPD alongside her ZFM/ZPA complex suggests that without further 
intervention and in the absence of any negative influences, her identity as an embedder-of-
numeracy is likely to strengthen over time for at least two reasons: she could see how attending to 
numeracy learning opportunities could enhance learning in science and was motivated to learn how 
to develop the knowledge to be able to do so. Her trajectory towards a teacher identity where she 
has greater capacity to embed numeracy in science could be aided by assisting her to develop a 
richer personal conception of numeracy, broaden her understanding of the connection between 
numeracy and learning science, and expand her knowledge for designing tasks that support 
numeracy and subject learning (all part of her ZPD). Alternatively, she could be assisted to find 
alternative ways of using the technology that is available to her or assisting her to design tasks that 
allow students more freedom than she was currently prepared to give them (i.e., helping her to 
expand her ZFM). 
5.3 Martin: An Experienced History Teacher 
Martin had been teaching for over thirty years and had been at Metropolitan High School for 
more than twenty years when the present study began. His case illustrates how limited mathematical 
content knowledge, which may result in lack of confidence, could present teachers with difficulties 
in effectively using boundary objects (Star & Greisemer, 1989; see Section 2.1.4) to promote 
numeracy learning. 
5.3.1 Professional context 
Martin was in the same staffroom as Karen, his POD partner (see Section 5.1), but preferred 
to be in a staffroom with colleagues who were teaching the subjects he taught. Although there were 
 85 
Chapter 5 Understanding identity as an embedder-of-numeracy 
opportunities for teachers from the same discipline to meet once a fortnight, Martin found that 
many issues that could be resolved through incidental face-to-face conversations now needed to be 
dealt with via email, which in his opinion was less effective: 
I would have to say that my preference would have to be in a staffroom with people of a 
similar faculty. So we’re all teaching English or maths simply because you have those 
conversations, day-to-day conversations that are incidental but are very, very valuable. 
Whereas now you can be the only one teaching [Grade] 9 English for example, or [Grade] 
10 history and that simply means a lot more communication by email … It was far easier, 
far easier. (Martin_27May13_1) 
The profile of the student population at Metropolitan High School had not changed much, 
according to Martin, since he began teaching at the school. He reported that many students were 
apathetic towards school: “I mean it’s a low socioeconomic area so the biggest frustration we have 
is the kids being engaged and apathy and sometimes the lack of support from home 
(Martin_27May13_2). He found it frustrating when students did not bring the correct equipment to 
classes, citing laptops as an example. Although many students in his class had hired laptops through 
the school program, Martin felt that often students “leave the computer at home because they don’t 
want to carry something like that” (Martin_27May13_3). 
One change that Martin had noticed at Metropolitan High School in recent years was 
increased pressure on students to perform well, especially in national literacy and numeracy testing 
(NAPLAN). This translated to pressure on teachers and the need to allocate time during English 
lessons to prepare students for the literacy tests that were part of NAPLAN: “Leading up to 
NAPLAN was very much a focus on it [NAPLAN], on us to improve our NAPLAN results, a lot of 
our time, in fact the unit of work was scaled back so we could accommodate that” 
(Martin_29May13_1). 
5.3.2 Background 
Martin qualified as a secondary physical education teacher, with history as his second 
teaching area. His initial teaching positions were as a physical education teacher in primary schools 
where he remained for nearly ten years until he transferred to Metropolitan High School. He had 
gradually moved away from teaching physical education in the nine years prior to this study and 
had been teaching Studies of Society and Environment (SoSE)15 and English. He had also taught 
15 Studies of Society and the Environment was the predecessor to the separate Humanities and 
Social Science subjects of History, Geography, Civics and Citizenship, and Economics and 
Business in the Australian Curriculum. 
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Grade 8 and Grade 9 mathematics; despite having only completed Social Mathematics, a non-
calculus based subject taken in his final two years of school, where he considered himself to be 
“very ordinary at maths actually” (Martin_27May13_4). 
There was no focus on numeracy in Martin’s pre-service teacher education as numeracy was 
yet to be a priority for the Australian Government (see DETYA, 2000). He had not taken part in any 
professional development that addressed numeracy across the curriculum, until his participation in 
the Numeracy Project (see Section 3.3.2). Karen, his POD partner was interested in participating in 
the Numeracy Project, so it seemed logical to Martin for him to be involved as well. However, 
when asked about his motivation for agreeing to participate in the Numeracy Project, Martin linked 
the Numeracy Project to his previous experience of teaching junior mathematics, saying that what 
appealed to him about this project was a focus on “non-maths trained people teaching maths [and 
that this] could be just another feather up your sleeve that you could use” (Martin_27May13_5). 
Thus Martin had few opportunities to develop the knowledge needed to promote numeracy learning 
in history and seemed to see numeracy as synonymous with mathematics. 
Some teachers believe that numeracy is the responsibility of the mathematics teachers (e.g., 
Thornton & Hogan, 2004), but Martin thought that this perception was slowly changing and, in his 
opinion, both literacy and numeracy were beginning to be seen as the responsibility of all teachers: 
I think historically they [other teachers] would see that [numeracy] as the role of the maths 
department but I think that is slowly changing. It’s been for many years because the other 
side of the coin is that literacy is no longer just English. It’s the responsibility of all and, as I 
see it, the two go hand-in-hand. No matter what faculty you are in. You’ve got to. When an 
opportunity arises you’ve got to. Whether it be a literacy moment or a numeracy moment. 
You’ve got to explore it if you can, if you’ve got the time, whether it’s in the context of a 
science or a HPE [physical education] lesson or whatever. (Martin_27May13_7) 
Although Martin saw a role for all teachers in promoting numeracy learning, he identified time as a 
constraint. 
Martin described numeracy as the use of mathematics in everyday life: “Everyday living. 
It’s money management, estimating time, distances, just general stuff like that” 
(Martin_27May13_6). As a history teacher, he saw his role in promoting students’ numeracy 
learning as using opportunities when they arise within lessons to check that students understand the 
quantitative aspects that were inherent in history: 
Do they understand the timelines? Do they understand the figures that are put there, say in 
terms of population growth? Things like that. Do they know what percentages mean in the 
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context of the social science classroom? That’s what I think. That’s how I see it. Do they 
understand when we are talking about mathematical things in the context of SoSE? 
(Martin_27May13_8) 
In this statement Martin explicitly links the quantitative aspects of history to understanding the 
subject and hints at a broader understanding of numeracy than he expressed in more general 
discussions about numeracy (e.g., Martin_27May13_6 where he identified mathematical knowledge 
and context). 
5.3.3 Promoting numeracy in history (September 2013) 
During visits to Metropolitan High School Martin was observed teaching Grade 9 history 
(two lessons) and English (one lesson). The vignette presented in this section comes from a history 
lesson Martin taught in September 2013 from a unit on the Industrial Revolution that included the 
changing way of life of men, women, and children during this development ACARA, 2014a). 
Historical concepts related to this topic include continuity and change, cause and effect, and 
perspectives. There are no numeracy demands identified by the numeracy icon for the relevant 
content description and elaboration (see Section 3.3.1 for further details). Martin employed two 
representational tools (Goos et al., 2014) in the lesson that could be considered as boundary objects 
(Star & Greisemer, 1989; see Section 2.1.4). Although Martin did not explicitly make the 
connection, these boundary objects could be used to assist students learn historical concepts 
including cause and effect (see Chapter 6 for further discussion of boundary objects). The vignette 
illustrates how Martin was able to identify several numeracy learning opportunities in a history 
lesson. At this point in time Martin has participated in two Numeracy Project workshops. 
Martin began the lesson by asking students to write a definition for life expectancy and 
average income per capita and then to compare their responses with those of other students. 
Following a class discussion about what these terms meant, Martin provided definitions of each 
term and talked about the use of average income per capita to compare the wealth of nations. 
Students were asked if they thought there might be a relationship between life expectancy and 
income, what these criteria might have to do with the Industrial Revolution, and how they might be 
represented on a graph. Martin drew a set of axes on the whiteboard with life expectancy on the 
vertical axis and annual income on the horizontal axis (without any data points added to the graph) 
but did not provide a reason for presenting the data on a graph or labeling the axes in the way he 
did. 
In the next phase of the lesson, Martin showed a short video, Hans Rosling’s 200 Countries, 
200 Years, 4 minutes–The Joy of Statistics (BBC Four, 2010). This video is an animated 
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presentation of data on lifespan and income for 200 countries over 200 years, beginning in 1810. 
The graph had lifespan on the vertical axis and income on the horizontal axis (slightly different 
labels from those used by Martin and in the task sheet students were subsequently given). The 
vertical axis was marked with 25, 50, and 75 years and horizontal axis was marked at $400, $4,000, 
and $40,000. These marks were equally spaced and no mention was made about the scales that were 
used. The animation began in 1810 with the names of all countries in the bottom left hand corner of 
the graph (described as poor and unhealthy). As the animation progressed towards 2010 the names 
of countries, beginning with those of European countries, moved towards the upper right hand 
corner (described as rich and wealthy). Students watched the video with no comment from Martin. 
Following the video, students were given a task sheet that presented data on life expectancy 
and average income per person from 1800 to 2010 for the United Kingdom, Australia, and China 
(see Figure 5.3 for an excerpt from these data) and included several questions about the data. Martin 
led a class discussion about the data that encompassed identifying the countries, the reasons for the 
squiggly lines in the table, and the purpose for using US dollars for the income data. He then asked 
students to construct two line graphs over time: one for life expectancy, and one for average income 
per person. Although Martin suggested that students use a legend to identify the graphs for each 
country, there was no explicit discussion about the reason for using a line graph or what students 
should consider when choosing the vertical and horizontal scales for their graphs. 
Students were given time to construct their two line graphs, then the class discussed the 
graphs and possible reasons behind the changes in life expectancy and average income per person 
over time. Questions that guided the discussion included: Why did the average income per person in 
Australia increase before that in the United Kingdom? Why were there differences in average 
income per person between Australia, the United Kingdom, and China in 2010? 
Martin’s intention for the lesson was to use statistics to give students a better understanding 
of the Industrial Revolution, choosing life expectancy and average income per person because they 
were criteria that he felt students could relate to: 
You can look at things like the amount of cotton produced in Britain, how it dramatically 
increased or the amount of coal that was consumed. But I thought these were a little more 
real life data for them. In terms of how long a person lives, a very simple concept and the 
amount of money they have and then that relates back to obviously the idea of the Industrial 
Revolution generally. For most people the Industrial Revolution led to a better life. 
(Martin_9Sept13_1) 
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 United Kingdom Australia China 
1880 Life expectancy 
44 
Average income per 
person 
$US 4894 
Life expectancy 
39 
Average income per 
person 
$US 5800 
Life expectancy 
32 
Average income per 
person 
$US 787 
1900 Life expectancy 
46 
Average income per 
person 
$US 6322 
Life expectancy 
50 
Average income per 
person 
$US 5432 
Life expectancy 
32 
Average income per 
person 
$US 802 
1920 Life expectancy 
57 
Average income per 
person 
$US 6401 
Life expectancy 
61 
Average income per 
person 
$US 6450 
Life expectancy 
32 
Average income per 
person 
$US 892 
  
 
 
 
 
  
2010 Life expectancy 
80 
Average income per 
person 
$US 31217 
Life expectancy 
82 
Average income per 
person 
$US 34835 
Life expectancy 
73 
Average income per 
person 
$US 7931 
Figure 5.2 Excerpt of data from the task sheet that Martin used in the lesson on the 
impact of the Industrial Revolution on life expectancy and income. Adapted from 
“Understanding identity as a teacher of numeracy in history: A sociocultural approach” 
by A. Bennison, 2014, Proceedings of the joint conference of the Australian Association 
for Research in Education & New Zealand Association for Research in Education, p. 6. 
Copyright 2014 by the Australian Association for Research in Education. Reprinted 
with permission. 
The task sheet came from the Resource Package that the teachers at Metropolitan High School were 
required to use (see Section 5.1). Martin had not modified the task sheet prior to using it but, in 
hindsight, thought that the wording of some of the questions could have been improved: 
I looked at that question [referring to a question that asked students to give the year in which 
life expectancy in Australia overtook that in the United Kingdom] actually and I thought 
well that’s one question I would have reworded because I thought it is asking for a specific 
year, in which year … I pointed out to some, well, look, the time period is 1800 to 1900, no 
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1880 sorry to 1900. It seemed to cross about the mid-point so what’s halfway between? 
(Martin_9Sept13_2) 
Martin thought that the activity had been beneficial for students even though some students 
still did not understand that China went through an industrial revolution later than the United 
Kingdom and Australia, or that this historical event was not necessarily positive for everyone:  
I don’t think they understood, well some of them may have, the idea that China did not go 
through the Industrial Revolution at the same time as Britain and Australia. Although in 
other times and discussions we’ve had, we’ve talked about it … So I think they got the 
concept that the Industrial Revolution is generally a good thing for people. I don’t think they 
appreciate and understand that in the process of doing this Industrial Revolution there are 
people who lose. (Martin_9Sept13_3) 
When asked about his planning for the lesson, Martin conceded that he was not aware of the icons 
in the Australian Curriculum (ACARA, 2014a) that identified numeracy demands and could not 
remember anything about the numeracy model (Goos et al., 2014) used in the professional 
development workshops of the Numeracy Project. If he were to use this activity in a future lesson, 
Martin reported that he would modify the questions on the task sheet but would still get students to 
construct the graphs because graphing is a “solid skill that they can use and in answering some of 
those questions it was easier actually to look at the graph” (Martin_9Sept13_4). 
Martin’s use of the video illustrates some lost opportunities to promote students’ numeracy 
learning. In terms of dimensions seen in Goos et al.’s (2014) numeracy model, the video clip 
included a context for the use of mathematical knowledge, used representational and digital tools, 
and promoted a positive disposition towards the use of statistics by the way the data were presented. 
Furthermore, some mathematical knowledge was needed to interpret the graph. However, by 
making no comment on the video Martin missed the opportunity to emphasise a critical orientation 
by talking about the type of scale used for each axis (linear for the vertical axis and logarithmic for 
the horizontal axis) or how the scales used in the video could be misleading (e.g., the horizontal 
axis crossed the vertical axis at approximately 20 years). 
When students constructed a line graph from the table of data they used two types of 
representational tools, and answering the related questions required the use of mathematical 
knowledge in the context of understanding the impact of the Industrial Revolution on the lives of 
people. Some of the questions, such as the one that asked students to explain whether the data 
indicated that industrialisation was good for people, required students to use a critical orientation 
(e.g., students had to think about the criteria that could be used to make this judgement).  
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The representational tools used in this activity could be considered as boundary objects (Star 
& Greisemer, 1989; see Section 2.1.4 and Chapter 6). Martin’s use of the table of information about 
life expectancy and income data (see Figure 5.2) illustrates the importance of teachers being able to 
envisage the mathematical meaning of boundary objects in order to promote numeracy learning in 
subjects other than mathematics.  The table displays information (contextual meaning) but 
interpreting the information or displaying it graphically incorporates the mathematical meaning that 
encompasses the underlying concepts of discrete and continuous variables, dependent and 
independent variables, and associated conventions. Martin wanted to give students a better 
understanding of the effect of the Industrial Revolution (Martin_9Sept13_1) on life expectancy (i.e., 
the historical concept of cause and effect) but it seems that he did not understand that the table 
represented discrete data points. By taking the mid-point between 1880 and 1900 as the year in 
which life expectancy in Australia overtook that in the United Kingdom (Martin_9Sept13_2), there 
was an assumption that the life expectancy in both countries increased linearly between 1880 and 
1900. By not recognising the nature of these data, Martin missed a numeracy learning opportunity 
and could contribute student misunderstandings about statistical information. Possible reasons for 
Martin’s response include insufficient mathematics content knowledge, that he did not think about 
the nature of the data, or that he had to make choices about what to focus on in the lesson.  
5.3.4 Supporting Martin to embed numeracy in history 
There is evidence in Martin’s case that characteristics included in the five Domains of 
Influence of the framework for identity as an embedder-of-numeracy (see Table 4.1) contribute to 
this identity. There appeared to be few opportunities for Martin to develop the knowledge and 
affective attributes needed to promote numeracy learning through history in either his pre-service 
teacher education or his subsequent teaching career (Life History; see Table 5.5). Assisting him to 
promote numeracy learning in history could include strengthening his mathematical content 
knowledge and pedagogical content knowledge for numeracy (Knowledge Domain; see Table 5.6). 
Such an approach could lead to increased confidence in dealing with the inherent quantitative 
aspects in history. There appeared to be a contradiction between Martin’s views of the place of 
numeracy for understanding in history and his seemingly narrow espoused personal conception of 
numeracy as the use of mathematical knowledge in contexts (Affective Domain; see Table 5.7). 
Martin’s interactions with colleagues who also taught history was limited and he seemed to see the 
Numeracy Project as more related to mathematics then numeracy (Social Domain; see Table 5.8). 
Martin’s professional context was influenced by the school focus on improving student 
performance on national numeracy testing (NAPLAN) and limited access to computers for student 
use (Context Domain; see Table 5.9). 
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When Martin’s identity as an embedder-of-numeracy is analysed using the proposed 
adaptation of Valsiner’s (1997) zone theory (see Section 4.3), he does not appear to have the 
knowledge and affective attributes necessary for his identity as an embedder-of-numeracy to 
strengthen without assistance. Furthermore, he may not want to develop the capacity to promote 
numeracy learning in history unless he sees such an approach as benefiting student learning in 
history; that is, he may not be see numeracy as a priority for him in his role as a history teacher. 
Professional development may provide opportunities to develop knowledge and change beliefs but 
Martin is still free to exercise agency by accepting or rejecting teaching actions that are promoted 
(see section 2.3.1). 
The set of possible ways that Martin’s identity as an embedder of numeracy might develop, 
his zone of proximal development (ZPD), appeared to be constrained by his existing knowledge and 
affective attributes. Martin understood that it was important for students to be numerate but did not 
appear to have a clearly articulated understanding of what numeracy encompasses. He described 
numeracy in terms of understanding in history (e.g., Martin_27May13_8) but also in terms of using 
mathematical skills in contexts (e.g., Martin_9Sept13_4). Although Martin believed that numeracy 
was part of everyday life and wanted to utilise numeracy learning opportunities that arose in the 
subjects he taught (e.g., Martin_27May13_7), he did not seem able to do this effectively. This may 
have been due to his limited formal study of mathematics or lack of opportunities to develop 
pedagogical content knowledge for numeracy. Evidence of a potential lack of mathematical and 
pedagogical knowledge was provided by the opportunities that Martin missed in observed lessons 
(e.g., the lesson described in Section 5.3.3). Martin may also lack confidence in his ability to 
provide numeracy learning opportunities for students as a result of his perception of his ability in 
mathematics and/or numeracy (e.g., Martin_27May13_4). The new history curriculum (ACARA, 
2014a) may present additional challenges for Martin as he becomes familiar with the curriculum 
documents. 
The zone of free movement/zone of promoted action (ZFM/ZPA) complex experienced by 
Martin includes a number of affordances and constraints on his classroom practices in relation to 
promoting numeracy learning in history. Numeracy is a general capability to be developed across 
all curriculum areas (ACARA, 2014a), so Martin was required to attend to numeracy demands in 
history. Conversely, the new curriculum may place additional time pressure on Martin as he 
becomes accustomed to its demands, possibly with limited support from other history teachers 
because of the way teachers are allocated to staffrooms (e.g., Martin_27May13_1). The school’s 
focus of improving student performance on national literacy and numeracy testing (NAPLAN) has 
possibly led to Martin’s participation in the Numeracy Project. While he had access to professional 
development workshops that support the intent of the new curriculum, his motivation for 
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participating in this project was not numeracy per se (Martin_27May13_5). On the other hand, the 
school emphasis on improving NAPLAN results created the need for Martin to use limited 
classroom time in English lessons to prepare students for NAPLAN tests (e.g., 
Martin_29May2013_1), possibly resulting in pressure on him to borrow time from history lessons 
for NAPLAN preparation (see comments about moving time around by Karen and Michelle; Karen 
28May13_1 and Michelle_27May13_1, respectively). The limited availability of appropriate digital 
tools at Metropolitan High School and Martin’s perception that students were not engaged 
(Martin_27May13_2) may constrain his classroom practice. 
Considering Martin’s ZPD alongside his ZFM/ZPA complex suggests that a useful starting 
point for helping Martin to strengthen his identity as an embedder-of-numeracy may be to support 
him to extend his knowledge of mathematics, pedagogy, and curriculum as these types of 
knowledge relate to numeracy in learning in history; thus expanding his ZPD. Such an approach 
might help him to broaden his espoused personal conception of numeracy and increase his 
confidence in using the inherent mathematics in the history curriculum.  While professional 
development has potential to assist Martin to embed numeracy onto his history lessons, he needs to 
see a reason for doing so. 
5.4 Michelle: A Mid-career History Teacher 
Michelle was in her seventh year of teaching when the present study began and described 
herself as a social science, geography, and English teacher. Her case illustrates how making 
connections between numeracy learning and subject learning can provide motivation for embedding 
numeracy in subjects across the curriculum and provides another example of a boundary object in 
history (Star & Greisemer, 1989; see Section 2.1.4 and Chapter 6 for further discussion of boundary 
objects). 
5.4.1 Professional context 
Michelle commenced her teaching career at Metropolitan High School after completing the 
final practicum of her pre-service teacher education program at this school. She reported that the 
student population was quite diverse, including students that she described as high achievers as well 
as those who struggled to attend school or were low achievers. She found the structure of the school 
day (i.e., four 70-minute lesson) and the POD group arrangement for Grade 9 classes quite 
effective. This arrangement enabled her to cover quite a bit of material in each lesson, but also 
required her to use at least three activities in any lesson to ensure variety and maintain student 
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engagement. Furthermore, having her Grade 9 POD class six times a week gave her some 
flexibility: 
I do find them [70-minute lessons] a good length in the sense that you can cover quite a bit 
of work in 70 minutes. I do find that you have to have at least three different activities to 
move them from one thing to another otherwise they get bored … I do get to see my Year 9 
POD group six times a week because I teach them for two subjects which is quite beneficial 
because I can move my time around where needed. (Michelle_27May13_1) 
Despite the introduction of the Australian Curriculum (ACARA, 2014a) in which both 
numeracy and literacy are seen as an across the curriculum responsibility, Michelle felt that 
numeracy was seen as the responsibility of the mathematics department: 
It would be fair to say we don’t cover numeracy much in either the Social Sciences and 
English Departments. That’s not a priority. I think that the general trend here is that literacy 
stuff is dealt with by the humanities and English teachers and numeracy is left with maths 
and science [teachers]. (Michelle_27May13_2) 
The impact of national literacy and numeracy testing (NAPLAN) on Michelle in her role as an 
English teacher provides further evidence of which teachers were responsible for literacy and, by 
implication, numeracy: 
Our English department is very much, particularly in the middle school, is very much 
focused on providing structured literacy skills, particularly in the lead up to NAPLAN. We 
do use our data, data from their practice test, Year 7 NAPLAN tests, and focus on their 
weaknesses from there. (Michelle_27May13_3) 
The views of her colleagues and the school emphasis on NAPLAN had potential to prevent 
Michelle from promoting numeracy learning in history but she had identified a way of sharing time 
across history and English classes to allow her to achieve her goals for both subjects. 
5.4.2 Background  
After completing a Bachelor of Arts degree, majoring in Geography, Michelle worked in 
Outdoor and Environmental Education both in Australia and overseas. She returned to university 
about eight years before the present study began, completing a Graduate Diploma in Education 
where the focus was on teaching in the senior school (Grade 11 and Grade 12). She would have 
been formally qualified to teach Geography but it was unclear how much history she had studied or 
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if she had completed any history pedagogy courses16. She reported that her pre-service teacher 
education program did not address numeracy across the curriculum and that she had not participated 
in any formal professional development to assist her to design activities that promote numeracy 
learning: 
Everything that I do in my classes is either self-taught or relying on resources. We’ve done a 
5-day literacy course but I’ve never done any numeracy stuff. It’s just what I teach myself. 
(Michelle_27May13_4) 
Michelle’s principal had nominated her to participate in the Numeracy Project but she saw benefits 
in participating in projects of this type: “I think that the benefit of being in a project like this is that 
it makes you think and otherwise you wouldn’t really be going to that next step” 
(Michelle_29May13_1). 
According to Michelle, implementing numeracy across the curriculum presented some 
teachers with challenges because they did not see a place for numeracy in subjects other than 
mathematics and science: 
I tend to think that literacy is more acceptable to be taught across other areas than numeracy 
is. I mean every department teaches spelling and grammar, which are key literacy 
components but no one, not everyone teaches times tables and basic operations. I think that 
literacy is more accepted in maths and science than numeracy is in English and social 
science. (Michelle_ 27May13_5) 
To this end, Michelle recounted how some of her colleagues had questioned her reasons for putting 
a numeracy focus in her history lessons and how she sensed a lack of understanding of the 
difference between numeracy and mathematics among her colleagues, which “may be related to 
some issues with level of comfort” (Michelle_27May13_6) these teachers had with numeracy 
and/or mathematics. Similar confusion about the meaning of numeracy was evident among 
students. For example, she felt that students did not recognise that mathematical skills can be 
applied to other subjects: 
Like the language I’ve been using, mean, median, mode, range, and a lot of them are 
looking at me and going, “Why are you saying this to me in history?” 
(Michelle_27May13_7) 
16 Teachers were only asked about their mathematical background during interviews but subject 
knowledge became of interest after data collection was completed.  
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Despite the challenges she encountered, Michelle recongnised the importance of being 
numerate for life beyond school and wanted students 
to recognise that what they do in maths can be applied in other subjects … I just want them 
to realise that it’s not just skills for a maths lesson or maths test. It’s skills that can be 
applied in other situations and if that situation at the moment is another subject, then maybe 
as they progress they will realise that they will need it in part-time work [and] university. 
(Michelle_27May13_8) 
Her comment indicates that she was aware of the pervasive nature of numeracy. 
5.4.3 Promoting numeracy learning in history (May 2013) 
Michelle was observed teaching history (one lesson), English (one lesson), and physical 
education (one lesson) during visits to Metropolitan High School. The following vignette comes 
from a history lesson that Michelle taught in May 2013 in a unit on Australian history covering the 
period from 1750 to 1918 (ACARA, 2014a). The unit included a focus on living and working 
conditions around the beginning of the 20th century, an important time in the history of Australia as 
the Federation of six Australian colonies took place on 1 January 1901 (i.e., Australia became a 
nation). There were no numeracy demands identified by the numeracy icon in the relevant content 
descriptions and elaborations (see Section 3.3.1 for further details). The vignette provides an insight 
into how Michelle was able to promote numeracy learning by employing a boundary object (Star & 
Greisemer, 1989; see Section 2.1.4 and Chapter 6 for further discussion on boundary objects) while 
making the abstract historical concept of empathy more concrete. At this point in time Michelle had 
attended two Numeracy Project workshops. 
Having noticed that her students did not understand how difficult life was at the beginning 
of the 20th century, Michelle chose an activity that she thought would assist students to develop an 
understanding of what it was like to live at that time: 
They [students] didn’t quite get that everything they [people living at the time] did they 
worked really hard for … a lot of these guys were working 50 hours a week and were 
earning 10 cents an hour … so it was just to give them [students] a little bit more of an idea 
of how tight things were. (Michelle_29May13_2) 
The task that Michelle used came from the Resource Package developed by the state education 
authority (see Section 5.1), which she had modified. The original task sheet provided students with 
data about wages and prices in Australia in 1901, the 1901 amounts adjusted for inflation, and the 
actual amounts in 2000 (see Table 5.2 for an excerpt of this data). Students were asked to compare 
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the cost of items in 1901 after inflation with the actual cost of the same items for 2000. Specifically, 
they were asked to highlight items that had decreased in cost, rank all the items in descending order 
of cost, and construct a graph to illustrate costs of 10 items. Both the table and graph could be 
considered as boundary objects (see Chapter 6 for further discussion on boundary objects). 
Table 5.2 
Excerpt of Data from the Task Sheet from Michelle’s Lesson on Living and Working Conditions in 
Australia in 1901. 
 Prices 
 1901 1901 after inflation 2000 actual 
Item (AUD$) (AUD$) (AUD$) 
Average weekly wage, 
adult male 
5.00 217.50 830.00 
Milk (1 litre) 0.03 1.50 1.40 
Tea (180g) 0.06 3.00 3.40 
Flour (2 kg) 0.04 2.00 3.00 
Rump steak (1kg) 0.14 7.00 12.50 
Bicycle 31.00 1550.00 320.00 
Game of football 0.10 5.00 21.70 
Note. Reprinted from “A sociocultural approach to understanding identity as an embedder-of-
numeracy: A case of numeracy and history” by A. Bennison, 2016, European Education Research 
Journal, 27, p. 499. Copyright 2016 by Sage. Reprinted with permission. 
For the modified activity, in addition to asking students to complete the original task sheet, 
Michelle divided the class into groups and asked students to develop a weekly budget for a family 
of four and comment on apparent anomalies between the cost of items in 1901 after inflation and 
actual cost of the same items in 2000. Once students had completed this task, they were required to 
modify their budget in response to a change in circumstance for the family (e.g., illness to the wage 
earner that prevented him or her from working for two days). In terms of the dimensions of 
numeracy seen in the Goos et al. (2014) numeracy model, this activity involves mathematical 
knowledge, including addition, multiplication, and problem solving; is set in the context of 
developing historical understanding of what life was like in Australia at the time (empathy); 
incorporates the use of representational tools (table of data and graphs) and, for some students, a 
digital tool (calculator); and promotes a positive disposition by providing an opportunity for 
students to work in groups to develop confidence in using mathematics. Students applied a critical 
orientation when they decided how to represent the data graphically (original activity) and made 
judgements about how to alter their budget in response to the change to family circumstances 
(modified activity). 
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Although Michelle adapted the activity to provide a greater opportunity for the development 
of students’ numeracy capabilities, there were further possibilities for exploiting the numeracy 
learning opportunity this activity provided. The latest data in the table were collected before many 
of the students in her class were born but only one third of the class had access to appropriate 
technology (laptop or classroom computer) that would have allowed them to obtain and further 
analyse current costs: 
There are eight kids in this class that have laptops, five of them are broken at this point in 
time, and two of those computers [referring to the five desktop computers at the back of the 
classroom] are working, so ten out of twenty-eight [students] can potentially have access [to 
computers]. (Michelle_29May13_3) 
Without of access to computers students were unable to obtain the current costs for the items listed 
in the table, speculate on anomalies (e.g., why the relative cost of a bicycle had decreased) or create 
graphs electronically. Asking students to comment on the source of the data and why it was 
necessary to compare the cost of items in 1901 after inflation with the actual costs of these items in 
2000 rather than using the 1901 costs are other ways of extending the critical orientation needed for 
the task. 
5.4.4 Supporting Michelle to embed numeracy in history 
Evidence is provided by Michelle’s case that characteristics from the five Domains of 
Influence in the framework for identity as an embedder-of- numeracy (see Table 4.1) contribute to 
this identity. Michelle was qualified to teach Geography in the senior school but it was unclear if 
she was formally qualified to teach history (Life History Domain; see Table 5.5). She appeared to 
have the necessary mathematical content knowledge and made efforts to develop the pedagogical 
content knowledge needed for promoting numeracy learning (Knowledge Domain; see Table 5.6). 
Despite having a personal conception of numeracy that seemed limited to using mathematical 
knowledge in contexts, she was able to incorporate other dimensions of numeracy (dispositions, 
tools and critical orientation) in the task she used in the observed lesson (see Section 5.4.3) and 
make connections, although not explicitly, between this task and the historical concept of empathy 
(Affective Domain; see Table 5.7). Michelle was of the view that many of her colleagues saw 
numeracy as the responsibility of mathematics teachers but she saw the benefit of engaging in a 
research and development project aligned with intent of the Australian Curriculum (ACARA, 2014a 
(Social Domain; see Table 5.8). While the school impetus to improve students’ performance on 
national literacy and numeracy testing (NAPLAN) meant she needed to spend time in her English 
lessons to prepare students for these tests, the arrangement of the school day gave her flexibility to 
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move time around to achieve her objectives in both English and history (Context Domain; see Table 
5.9). 
Analysing Michelle’s an identity as an embedder-of-numeracy using the proposed 
adaptation of Valsiner’s zone theory (see Section 4.3) indicates that this identity is likely to 
strengthen over time. Michelle saw numeracy as being important both in and beyond school, and 
could link tasks involving numeracy to historical concepts. Thus she had reasons to continue to 
develop the knowledge and affective attributes necessary to promote numeracy learning though 
history. However, her development could be expedited. 
Michelle’s zone of proximal development (ZPD) appears to include the possibility of 
strengthening her identity as an embedder-of-numeracy, but her development in this direction will 
depend on growth in her knowledge and beliefs about numeracy and its place in learning history. 
Her educational background at school and university may have allowed her to develop the 
mathematics she is likely to encounter when teaching history. However, there had been few formal 
opportunities for her to develop pedagogical content knowledge needed for designing numeracy 
tasks, either through her pre-service teacher education or subsequent professional development 
prior to her participation in the Numeracy Project. Furthermore, it is likely to take some time for 
Michelle to be able to identify the extent of numeracy learning opportunities in the new curriculum, 
even though she demonstrated some capacity to identify where numeracy can be embedded in 
history. Michelle expressed the belief that numeracy exists beyond school but spoke of numeracy as 
the application of mathematics in other subjects and everyday life. By expressing a personal 
conception of numeracy that only seems to encompass mathematical knowledge and context, 
Michelle may not consider other dimensions of numeracy when designing tasks for her history 
lessons. She provided evidence that she saw links between numeracy and historical concepts (see 
Section 5.4.3) but it could be argued that she did not take full advantage this numeracy learning 
opportunity she identified, possibly because of her limited chances for developing pedagogical 
content knowledge in relation to numeracy. 
A number of factors were identified that appeared to contribute to the zone of free 
movement/zone of promoted action (ZFM/ZPA) complex Michelle experienced. These factors 
included the views of many of her colleagues, who saw numeracy as the domain of the mathematics 
department, possibly as a result of the focus in the English department on preparing students for the 
NAPLAN literacy test. There was also the issue of availability of appropriate digital tools, which 
prevented Michelle from having students find current costs for the items in Table 5.2. Conversely, 
the introduction of the new curriculum (ACARA, 2014a), which supports an across the curriculum 
approach to numeracy, required Michelle to attend to numeracy in history. Michelle’s participation 
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in the Numeracy Project and self-directed learning were her current opportunities to learn about 
promoting numeracy in history (part of her ZPA). 
When Michelle’s ZPD is considered alongside the ZFM/ZPA complex she experienced, she 
seems to have the knowledge and beliefs that will allow her to access the ideas presented in the 
professional development workshops of the Numeracy Project. Professional development of this 
nature is likely to assist her to broaden her espoused personal conception of numeracy, increase her 
understanding of how numeracy can support learning in history, and extend her pedagogical content 
knowledge, all factors that contribute to her ZPD. Strengthening her identity as an embedder-of-
numeracy would then depend on finding ways to overcome limited access to digital resources and 
the contradictory elements in her professional context. While the Australian Curriculum (ACARA, 
2014a) requires teachers to attend to numeracy demands in subjects across the curriculum, it 
seemed as though many of Michelle’s colleagues did not see a place for numeracy in history. With 
a richer espoused personal conception of numeracy and increased knowledge of how numeracy can 
enhance learning in history, Michelle may be better able to justify the value of having a numeracy 
focus in history lessons, thereby potentially enabling her to modify her environment by influencing 
the views of her colleagues (i.e., expand her ZFM). 
5.5 Michael: A Mid-career Science Teacher 
Michael had been teaching for about eight years when the present study began, and his 
teaching load included a Grade 9 POD class (see Section 5.1), shared with Michelle. During the 
year his teaching load changed to include only senior mathematics classes. Michael’s case 
illustrates how numeracy can enhance learning in science and provides another example of a 
boundary object (Star & Greisemer, 1989; see Section 2.1.4). 
5.5.1 Professional context 
According to Michael, the structure of the school day coupled with the POD group 
arrangement for Grade 9 classes (see Section 5.1) created three challenges. First, he only saw his 
Grade 9 POD class three times a week for each subject so problems arose when students missed a 
lesson because of excursions, other programs (e.g., music), or were absent: “We’re always playing 
catch up with those 70-minute lessons. You miss one, you’re missing a whole concept” 
(Michael_28May13_1). Second, keeping students engaged for the duration of lessons was difficult 
for Michael, especially on Mondays when he had his Grade 9 POD class for mathematics and 
science in consecutive lessons. Third, behaviour management issues he experienced with individual 
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students in the first lesson on Mondays tended to carry over into the second lesson, a situation that 
did not occur on days when lessons were not consecutive. 
Michael saw only negative attributes of the student population when asked for his general 
impressions of students at the school: 
So we do have a lot of behaviour management issues. We have a lot of students who, I 
guess, you could say, they don’t care about their education. Then we have a lot of students 
who are very low level whether, what the reason for that is I don’t know but it just comes 
with those low socioeconomic areas. We have, just a lot of students who don’t care, have a 
lot of potential but just don’t utilise that I guess. We have a lot of behaviour management 
students, high absences, and then we have a lot of low-level students who have serious 
learning difficulties. (Michael_28May13_2) 
He identified student behavior, absenteeism, and low ability as factors that impacted on his 
classroom practice and that of his colleagues: 
A lot of people would say we should do more meaningful lessons here but we, a lot of the 
times, nine out of ten, that would just go out the window with the students that we have 
here. That’s my opinion. So I’ve seen teachers try and do that sort of stuff and it doesn’t 
work out too well. Having those, giving students more freedom, to try and get to that goal at 
the end and give them tools, it just doesn’t, it’s not realistic for a lot of the students, yeah, to 
do that sort of stuff. (Michael_28May13_3) 
Access to appropriate resources for teaching also seemed to influence Michael’s classroom 
practice. The physical resources needed for the Resource Package that he was required to use for 
science (see Section 5.1) were not available: “It’s just the lack of resources [meaning scientific 
equipment], like there are a lot available but a lot of them don’t work” (Michael_30Nov12_1). In 
addition, computer rooms were difficult to access and, even when it was possible to gain access, 
many of the computers in these rooms were broken: 
I shy away from that [using computers] a little bit in this school ’cause I used to try and do 
that a lot and um, you know, like, computers aren’t working, you go to a computer room and 
we only have, I think there’s one computer room that I normally go to with my [Grade] 10s 
and it’s only got four out of 16 computers that are working. (Michael_29May13_1) 
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5.5.2 Background 
Michael completed a Bachelor of Applied Science, with a major in Human Movement, 
combined with a Bachelor of Education. He studied curriculum subjects in physical education and 
mathematics (not science), but no subjects that specifically addressed numeracy across the 
curriculum. Michael had not participated in any professional development related to numeracy prior 
to the Numeracy Project but saw similarities between this project and professional development he 
had previously taken part in for mathematics, which promoted the use of contexts and tools in 
designing Rich Tasks17 (Education Queensland, 2001). 
After he graduated, Michael spent short periods of time at two schools before obtaining a 
position at Metropolitan High School, where he had taught for just over six years. A shortage of 
mathematics teachers meant that, apart from one physical education class in his first year at the 
school, Michael had taught only mathematics. When the school structured Grade 8 and Grade 9 
classes into POD groups, Michael was given a Grade 9 science class as he taught Grade 9 
mathematics. 
Michael claimed that he had the appropriate knowledge for teaching science because he had 
completed an Applied Science degree. However, he could be considered to be teaching science out 
of field because he had not completed any science pedagogy courses during his pre-service teacher 
education. He expressed a preference for teaching mathematics and physical education and found 
managing practical work difficult, even though he thought that this aspect of teaching science had 
become easier as he gained experience: 
I don’t mind teaching science because I did do that Applied Science degree and I did do 
science on my prac. So I would prefer to teach just maths or PE [physical education]. So I 
do find it [teaching science], I don’t mind it but I do find it challenging. So just in terms of 
the structure and in terms of the prac I guess, more than the content. The content’s fine. It’s 
just that structure of doing pracs and keeping it as efficient as possible which I’m 
developing now it’s coming out as it’s now my third year, or second year, sorry, of teaching 
science. (Michael_28May13_4) 
Numeracy seemed to be seen by Michael as basic mathematics that had been taught and, he 
assumed, learned by students in primary school or the early years of secondary school: 
I still see it [numeracy] as a form of mathematics that has been taught in a maths class 
somewhere along the line, maybe more primary school or early, like [Grade] 8 or 9. So I 
17 Rich Tasks are extended learning and assessment tasks in real world contexts that draw on a 
number of subject areas.  
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think they are the same thing … maybe the basics of mathematics that every student should 
know by the time I see them, if that makes sense. You know, graphing, multiplication, being 
able to interpret simple questions are needed to do more advanced mathematics in Maths B 
[a calculus based subject that can be taken in the final two years of schooling] or something, 
in Senior [the term used to describe the final two years of secondary school]. 
(Michael_28May13_5) 
When asked to clarify if this response meant he thought that numeracy involved basic mathematics 
or something more, Michael confirmed his view of numeracy as basic mathematics: 
It’s hard to define what’s basic and not, I guess, in maths but I would definitely say that it 
[numeracy] would be basic skills … So we’re trying to do higher order thinking tasks and 
they don’t have those basic numeracy skills, that’s the way I look at it anyway, to complete 
those tasks. (Michael_28May13_6) 
Michael could see a relationship between mathematics and science but acknowledged not 
providing opportunities for student to develop their numeracy capabilities in his science lessons as 
much as he should: 
I definitely see that there is a role of numeracy in science and we do do it. But I probably 
don’t do it enough but it is incorporated into the unit of work so there is a lot of graphing 
and interpreting tables and values and that sort of stuff as well. So I do think it is important 
in that science area as well because science does have a fair bit of maths involved in it. 
(Michael_28May13_7) 
The main priority for Michael appeared to be covering content: “We have a curriculum that we 
have to meet and there must be the numeracy skills or strategies incorporated into that, those tasks 
so we can reach our ultimate goal” (Michael_28May13_8). 
Michael reported not seeing many advertisements for professional development related to 
numeracy across the curriculum but conceded that he was “not the biggest person to go searching 
for it [professional development]” (Michael_28May13_9). His only current opportunity to learn 
about promoting numeracy learning seemed to be through the Numeracy Project. However, he had 
only agreed to participate in this project because he  
got asked and, to be honest, I got told I was doing it. So I was pretty much thrust in there 
and being [Michelle’s] POD partner, as well. So she’s obviously very interested in that so it 
comes to that, then if she’s going to do it, then I pretty much have to as well … it [his 
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participation in the Numeracy Project] makes sense. It does make sense, so there was really 
no choice whether I wanted to or not I was involved in it. (Michael_28May13_9) 
Michael did not seem interested in learning how to embed numeracy into his science lessons, 
possibly because covering content was a higher priority or because he saw numeracy and 
mathematics as the same. 
5.5.3 Promoting numeracy learning through science (May 2013) 
During visits to Metropolitan High School Michael was observed teaching two Grade 9 
science lessons. The vignette presented in this section is from a lesson Michael taught in May 2013 
a unit on Biological Sciences in which factors affecting the population of organisms within 
communities are examined (ACARA, 2014a). Numeracy identified by the numeracy icon in the 
relevant content description and elaboration is estimating and calculating with whole numbers (see 
Section 3.3.1 for further details). The vignette illustrates how Michael’s identity as a mathematics 
teacher may have influenced his approach to graphs; artefacts that could be considered boundary 
objects (Star & Greisemer, 1989; see 2.1.4 and Chapter 6 for further discussion of boundary 
objects). Michael had participated in two Numeracy Project workshops when this lesson was 
observed. 
Michael began the lesson by leading a discussion about introduced species: what they are 
and why there is so much talk in the media about them. Students were shown an excerpt from a 
documentary on the history of rabbits in Australia, Invaders – Feral animals and pests in Australia 
(Film Australia Limited, 1999), and informed that the purpose of the lesson was to explore the 
impact of rabbits on native animal populations. Michael presented the following scenario18. 
Two areas of land were studied over a five-year period. Both areas had populations of 
bandicoots, dingoes, and wallabies. A small number of rabbits were introduced to one of the 
areas at the beginning of the study. Bandicoots eat roots, seeds, and leaves; dingoes eat 
bandicoots, wallabies, and rabbits; wallabies eat grass, and leaves. [The scenario did not 
include information about what rabbits eat.] 
Students were asked to predict the effect of rabbits on the populations of the native animal species. 
Following a brief whole class discussion, Michael presented data from the study19 (see Table 5.3 
and Table 5.4). The class discussed what needed to be considered in order to display the 
information graphically; however, Michael did not allow discussion of the suitability of various 
18 Recreated from field notes. 
19 Both tables were recreated from field notes. 
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graph types. When a student suggested using a bar graph, Michael told students that they would be 
constructing a line graph without giving a reason for this choice of graph type. The meaning of 
dependent and independent variables, the need for a title for the graph, and the choice of scale were 
discussed (i.e., Could the same scale be used for both axes? Could the same scale be used for both 
graphs?). 
Table 5.3 
Data from the Study of the Impact of Rabbits on Native Species for the Area Without Rabbits 
 Without rabbits 
Year 1 2 3 4 5 
Bandicoots 310 488 505 505 505 
Dingoes 5 11 11 12 10 
Wallabies 90 197 281 293 290 
 
Table 5.4 
Data from the Study of the Impact of Rabbits on Native Species for the Area With Rabbits 
 With rabbits 
Year 1 2 3 4 5 
Bandicoots 310 475 495 500 505 
Dingoes 5 11 11 12 10 
Wallabies 90 199 199 72 73 
Rabbits 6 412 5122 5114 5120 
 
Students were given time to construct graphs by hand to represent the data from the study, 
then Michael displayed Excel graphs20 for the two situations (Figure 5.3 and Figure 5.4), via the 
data projector. Despite the earlier discussion about what needed to be included when representing 
data graphically, the displayed graphs lacked a title, and neither the axes nor the lines were labeled. 
A brief whole class discussion about potential reasons for the observed changes in the animal 
populations followed. This discussion was guided by the following questions that were displayed on 
the interactive whiteboard: 
1. Describe what happened to the rabbit population over the five-year period. Why do you 
believe this happened? 
2. Describe the effect of rabbits on the populations of bandicoots, dingoes and wallabies. 
Why do you believe this happened? 
20 Both graphs were recreated from field notes. 
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Michael made no mention of how he represented the data graphically or possible alternatives such 
as comparing the population of wallabies with and without rabbits over time. Students were asked, 
individually and in silence, to write an answer to the first question by discussing the population of 
rabbits year by year. The lesson concluded with a brief discussion of possible reasons for the rabbit 
population appearing to reach a maximum. 
 
Figure 5.3 Reproduced Excel graph for the populations of three native species without 
rabbits. 
In the post-lesson interview Michael said that his goals the lesson were for students to 
display the data graphically and to interpret the data (guided by the two questions):  
To show me how they can display data for a start, for a table, to compare data as well 
[pause]. They were the two main goals and then just, from there um, interpret what they 
found from the data, from the graph. (Michael_29May13_2) 
The way in which Michael implemented the lesson appeared to be influenced by the lack of student 
access to appropriate technology: 
It would be awesome if they all had a laptop in front of them, or even if I had an available 
computer room where they could go off and use Excel and do those graphs themselves, but 
they’re booked out weeks in advance most of the time and we only have four or five 
[students] with laptops in this room. (Michael_29May13_3) 
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Michaels’ decision to attend to the mathematical conventions of graphs in the class discussion but 
not when he displayed the Excel graphs may have been influenced by the time taken by students to 
draw the graphs by hand. He may have seen it as more important that the limited time left in the 
lesson was devoted to his second goal of getting students to interpret the data. 
 
 
Figure 5.4 Reproduced Excel graph for the populations of three native species and 
rabbits. 
Several dimensions of numeracy, seen in Goos et al.’s (2014) numeracy model, were 
evident in the task Michael used in the lesson. Tables and graphs (representational tools) were used 
to mediate thinking about the impact of introduced species on the populations of native animals 
(i.e., there was a context within the science curriculum). Mathematical knowledge was employed to 
represent data graphically; however, greater emphasis could have been placed on the correct use of 
graphical conventions by ensuring that the Excel graphs displayed via the interactive whiteboard 
were fully labeled. Most of the lesson was devoted to constructing the graphs by hand so the 
opportunities for students to interpret the data (i.e., apply a critical orientation) were limited and 
students were not encouraged to ask questions about the data itself. For example, where did the data 
come from? What were the experimental conditions? Perhaps a lack of disciplinary knowledge of 
science meant that Michael was unable to explicitly attend to the experimental (or possibly 
contrived) origin of the data. There was potential in the task for students to use initiative or take 
risks (dispositions) but they were not asked to consider the appropriateness of graphs other than line 
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graphs or consider what could be gained by comparing the population of each species with and 
without rabbits over time. 
5.5.4 Supporting Michael to embed numeracy in science 
Michael’s case provides evidence that characteristics from each of the five Domains of 
Influence in the framework for identity as an embedder-of- numeracy (see Table 4.1) contribute to 
this identity. Michael was qualified to teach mathematics and physical education but not science 
(Life History Domain; see Table 5.5). As a qualified mathematics teacher, his mathematical content 
knowledge would have supported promoting numeracy learning in science but he may not have 
sufficient science subject knowledge (content, pedagogical, and curriculum) as he was teaching out 
of field (Knowledge Domain; see Table 5.6). Michael’s personal conception of numeracy seemed to 
be centred on basic mathematical knowledge and the pedagogical approaches he was prepared to 
take appeared to be influenced by his perceptions of students (Affective Domain; see Table 5.7) and 
the access he had to digital tools (Context Domain; see Table 5.8). He gave the impression that he 
was a reluctant participant in the Numeracy Project (Social Domain; see Table 5.9). 
When Michael’s identity as an embedder-of-numeracy is analysed using the proposed 
adaptation of Valsiner’s (1997) zone theory (see Section 4.3), it seems that he could be assisted to 
strengthen this identity in a number of ways. As an out-of-field teacher, there had been few 
opportunities for Michael to develop the knowledge needed for teaching science, and he seemed to 
see numeracy and mathematics as the same. Although professional development, such as that 
offered by the Numeracy Project, might help him to develop some of the knowledge he needs and a 
richer personal conception of numeracy, he may choose not to engage with the ideas that are 
presented. He expressed a desire to teach mathematics and physical education rather than science so 
promoting numeracy learning in science may not be a priority for him or seem impossible in his 
professional context. 
Factors contributing Michael’s zone of proximal development (ZPD) did not appear to 
provide a sound basis for strengthening his identity as an embedder-of-numeracy. His educational 
background and previous teaching experience (Michael_28May13_4) suggest that he had the 
necessary mathematics content knowledge for teaching science; however, he was teaching science 
out of field. For this reason, his knowledge of how to identify numeracy learning opportunities 
within the science curriculum (CK) and pedagogical content knowledge (PCK) for designing 
numeracy-rich tasks in science may need further development. Furthermore, he may not be 
interested in developing CK and PCK for promoting numeracy learning in science because of his 
preference for teaching mathematics and physical education, the two subjects he was formally 
qualified to teach (Michael_28May13_4). As a result, his identity as a mathematics and physical 
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education teacher may be more important to him and he may lack the aesthetic understanding that 
Hobbs (2012) claimed was needed if a teacher is to identify with a subject. Michael did not mention 
a connection between numeracy and the world outside school and seemed to see numeracy as no 
more than basic mathematical skills (Michael_28May13_5); a personal conception of numeracy that 
could be considered as narrow when compared to the Goos et al. (2014) numeracy model.  
Michael’s ZFM/ZPA complex appears to be dominated by elements within his ZFM that are 
likely to constrain him from promoting numeracy learning in science lessons. The need to cover the 
content (Michael_28May13_7), lack of access to computer resources (Michael_29May13_1), and 
his perceptions of students (apathetic attitude towards education, absenteeism, behaviour, and lack 
of ability; Michael_28May13_3) contributed to the pedagogical approaches he appeared to feel able 
to employ. The Australian Curriculum (ACARA, 2014a) and Michael’s principal-sanctioned 
participation in the Numeracy Project seemed to be the only elements within his current ZFM/ZPA 
complex that would assist him to promote numeracy learning through science. However, his 
participation in the Numeracy Project seemed less than enthusiastic (Michael_28May13_9). Given 
the apparent constraints imposed by his ZFM, the teaching actions promoted by this project may not 
have seemed possible; in other words, there appeared to be little, if any, overlap between Michael’s 
ZFM and ZPA. Finding ways to help Michael expand his ZFM, or at least his perception of this 
zone, may help him to overcome the constraints placed on his classroom practice by his 
professional context. 
5.6 Identity as an Embedder-of-numeracy: the framework and Valsiner’s 
zone theory 
The case studies presented in the chapter shed light on how each of these teachers in the 
present study might be supported to promote numeracy learning through either history or science. 
The framework for identity as an embedder-of-numeracy and adaptation of Valsiner’s (1997) zone 
theory employed in the study were developed from a theoretical perspective (see Chapter 4), and 
therefore require evaluation through empirical research. The two purposes for this section are to 
draw on the findings presented in the chapter to re-examine: (1) the framework for identity as an 
embedder-of-numeracy, and (2) how the Domains of Influence in the framework were mapped onto 
Valsiner’s zone of proximal development (ZPD), zone of free movement (ZFM), and zone of 
promoted action (ZPA). 
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5.6.1 Re-examining the framework for identity as an embedder-of-numeracy 
The case studies presented in the chapter provide evidence that, at least within the 
limitations of the present study, the proposed framework for identity as an embedder-of-numeracy 
(see Table 4.1) includes characteristics that contribute to the way in which teachers promote 
numeracy learning. Furthermore, three additional factors were identified. The five Domains of 
Influence used to organise the framework are discussed in turn in this section. 
Life History Domain 
The Life History Domain included past experiences of mathematics, pre-service teacher 
education, and initial teaching experiences (see Table 4.1). An example of how each of these 
factors might influence how a teacher promotes numeracy learning is drawn from the cases 
presented in the chapter. Martin’s past experiences of mathematics may have contributed how he 
interpreted data on life expectancy and income in the lesson on the Industrial Revolution 
(Martin_9September13_2). As an out-of-field teacher, Michael’s pre-service teacher education 
contributed little to his pedagogical and curriculum knowledge for teaching science. Karen was an 
early career teacher who was keen to develop her repertoire of teaching practices 
(Karen_28May13_5) and was beginning her teaching a career in an environment with a new 
curriculum where numeracy was seen as an across the curriculum responsibility (ACARA, 2014a) 
but national numeracy testing (NAPLAN) seemed pervasive. Key features of the Life History 
Domain of the four teachers are summarised in Table 5.5. 
Knowledge Domain 
Mathematical content knowledge (MCK), pedagogical content knowledge (PCK) and 
curriculum knowledge (CK) were included in the Knowledge Domain (see Table 4.1). Each of these 
types of knowledge is needed to promote numeracy learning but may be problematic for some 
teachers. For example, Martin may need to further develop his MCK to be able to effectively 
promote numeracy learning. None of the teachers had opportunities during their pre-service teacher 
education or in subsequent professional development (until the Numeracy Project) to develop PCK 
for numeracy. Furthermore, it is likely to take some time teachers to develop the CK to identify 
numeracy learning opportunities in the new Australian Curriculum (ACARA, 2014a). Subject 
knowledge was identified as an additional factor to be included in the Knowledge Domain. 
Michael’s case highlighted an additional challenge for out-of-field teachers; promoting numeracy 
learning in subjects they are not formally qualified to teach. Although Michael may have had 
adequate science content knowledge, his limited opportunities to develop science PCK and CK, or 
possibly his background as a mathematics teacher, may have contributed to approach to graphs in 
 111 
Chapter 5 Understanding identity as an embedder-of-numeracy 
the lesson on the impact of introduced species (see Section 5.5.3). Key features of the Knowledge 
Domain of each of the teachers are summarised in Table 5.6. 
Affective Domain 
Included in the Affective Domain were personal conception of numeracy, attitudes towards 
mathematics, and perceived preparation to embed numeracy (see Table 4.1). There was evidence in 
the cases that the first two of these factors had potential to influence how teachers promote 
numeracy learning; the absence of a focus on numeracy across the curriculum in any of the 
teachers’ pre-service teacher education meant that the third factor was not explored. Two additional 
factors seemed relevant to the Affective Domain: beliefs about the pedagogical approaches that are 
possible and motivation to embed numeracy in non-mathematics subjects. An example of each of 
these factors from the cases follows. 
Michael’s espoused personal conception of numeracy seemed limited to mathematical 
knowledge (Michael_28May13_6) which along with his limited knowledge for teaching science 
may have contributed to his approach to graphing in the observed lesson on introduced species. 
None of the teachers expressed negative views towards mathematics but Martin may have lacked 
confidence (e.g., Martin_27May13_4), suggesting that attitudes towards mathematics should 
include the level of confidence a teacher has with using mathematics. The beliefs of some of the 
teachers about the pedagogical approaches that were possible seemed to influence the classroom 
practices they were prepared to employ. Karen, for example, employed highly structured activities 
because she believed that this approach addressed students’ learning needs (Karen_28May13_3). 
Making connections between numeracy and subject learning, it could be argued, may provide 
motivation for teachers to embed numeracy into the subjects they teach. Three of the four teachers 
were able to explain how attending to the numeracy learning opportunity they identified had 
potential to enhance students’ subject learning. The teachers in the study were participating in the 
Numeracy Project and there was an expectation that they would employ a numeracy-focused task in 
observed lessons. For this reason, it is impossible to say if they would have made these connections 
in the absence of the Numeracy Project but understanding how numeracy can enhance subject 
learning seems to be important if teachers are to embed numeracy into the subjects they teach. Key 
features of the Affective Domain of each of the teachers are summarised in Table 5.7. 
Social Domain 
School communities and professional communities were included in the Social Domain (see 
Table 4.1). The cases provide evidence that each of these factors contributes to how teachers 
promote numeracy learning. Karen reported that mentoring by colleagues assisted her to develop 
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the knowledge she needed for promoting numeracy learning. Conversely, the views of colleagues 
that numeracy was the responsibility of mathematics teacher (Michelle_27May13_5) or that 
student-centred approaches were not possible (Michael_28May13_3) have potential to influence the 
pedagogical approaches a teacher is willing to take. All of the teachers were participating in the 
Numeracy Project, which provided opportunities to interact with researchers and teachers from 
other schools involved in the project. These interactions had potential to contribute to knowledge 
and affective attributes in relation to promoting numeracy learning across the curriculum. Key 
features of the Social Domain of each of the teachers are summarised in Table 5.8. 
Context Domain 
School policies and resources for teaching were included in the Context Domain (see Table 
4.1). Evidence of the impact of each of these factors on how teacher promote numeracy learning 
was seen in the cases. The new curriculum provided the impetus for teachers to promote numeracy 
learning across the curriculum but the school emphasis on NAPLAN results could be seen as 
working contrary to a rich interpretation of numeracy (e.g., Hardy, 2015). Both Martin and Michelle 
reported having to prepare students for the NAPLAN literacy test (Martin_29May13_1; 
Michelle_27May13_3). As numeracy involves the use of representational, physical and digital tools 
(e.g., Goos et al., 2014), lack of access to digital tools can constrain the activities that teachers are 
able to use. For example, lack of access to individual computers was seen by Karen as preventing 
further exploration of radioactive decay and, it could be argued, restricted the potential of the task 
Michelle employed (see Section 5.4.3). Key features of the Context Domain of each of the teachers 
are summarised in Table 5.9. 
5.6.2 Mapping the Domains of Influence onto Valsiner’s zones 
The case studies presented in the chapter support the manner in which the Domains of 
Influence were mapped onto Valsiner’s (1997) zone of proximal development (ZPD), zone of free 
movement (ZFM), and zone of promoted action (ZPA) (see Section 4.3). The suitability of the 
Valsiner’s zone theory as a means of understanding how a teacher’s identity as an embedder-of-
numeracy is formed is evident in the overlap that occurs in the summary tables presented in this 
section (Table 5.10 and Table 5.11) are compared with those presented in the previous section 
(Table 5.5, Table 5.6, Table 5.7, Table 5.8, and Table 5.9). 
Zone of proximal development 
The ZPD is the set of possibilities for the ways in which a teacher’s identity as an embedder-
of-numeracy might develop and includes developmental possibilities that may not occur. 
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Consequently, this zone will depend on the existing knowledge and beliefs that each teacher brings 
to the situation (see Section 4.3.1). The teachers in the present study had different disciplinary 
backgrounds and levels of experience. Not surprisingly, differences emerged when the ZPD of the 
four teachers were compared (see Table 5.10 for a summary of the ZPD for each teacher). These 
differences could be seen as opening up possibilities for how the teacher’s identity might develop, 
or providing constraints on such development. The cases of Karen and Michael are used to illustrate 
these different prospects. 
Karen was a qualified science teacher and described how her use of the timeline had 
potential to assist students to understand the extent of geological time (see Section 5.2.3). Despite 
few opportunities to develop pedagogical content knowledge for numeracy, she had reported how 
she was building this type of knowledge through mentoring and her own professional reading. 
Consequently, the possibility seemed to exist for her to develop a stronger identity as an embedder-
of-numeracy, even without the intervention of the Numeracy Project (see Section 3.3.2). Michael, 
on the other hand, was teaching science out of field and so had few opportunities to develop subject 
knowledge that may assist him to make connections between numeracy and learning in science. He 
seemed to see numeracy as basic mathematical skills and this may have been why he focused on the 
technical skills of graphing in the lesson on introduced species. Michael’s main concern seemed to 
be covering content, which may have been related to science not being his subject of choice. For 
these reasons, and without any intervention, developing a stronger identity as an embedder-of-
numeracy did not seem to be within Michael’s current possibilities for development. Even with an 
intervention, such as the Numeracy Project, there is no guarantee that he will choose to engage with 
ideas presented because promoting numeracy learning in science may not be a priority for him. 
Zone of free movement/zone of promoted action complex 
Although the ZPD represents the set of possibilities for development of a teacher’s identity 
as an embedder-of-numeracy, development that actually takes place is canalised by the zone of free 
movement/zone of promoted action (ZFM/ZPA) complex experienced by the teacher. For the 
present study, the ZFM was seen include affordances and constraints within a teacher’s professional 
context that influence how they promote numeracy learning (see Section 4.3.2) and the ZPA was 
interpreted as activities in which teaching approaches for numeracy are promoted (see Section 
4.3.3). The ZFM/ZPA complex experienced by each teacher is summarised in Table 5.11. 
At first glance the teachers appeared to experience the same zone of free movement/zone of 
promoted action (ZFM/ZPA) complex. The ZFM/ZPA complex they experienced included the new 
Australian Curriculum (ACARA, 2014a) where numeracy was considered a part of all school 
subjects but there was also pressure to improve student performance on national literacy and 
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numeracy testing (NAPLAN). All were teaching two subjects (either science and mathematics or 
history and English) to a Grade 9 POD group (see Section 5.1) and had limited access to 
appropriate technology for student use. Furthermore, they were all participating in the Numeracy 
Project (see Section 3.3.2). All of these factors could be considered as part of the Social Domain 
and Context Domain of the framework for identity as an embedder-of-numeracy. 
Important differences emerged when the ZFM/ZPA complexes experienced by the teachers 
were compared, sometimes as a result of the way in which a teacher interpreted factors that 
contributed to this complex. The arrangement of Grade 9 classes into POD groups and the teachers’ 
participation in the Numeracy Project provide two examples of how the teachers saw their 
ZFM/ZPA complexes differently. The POD groups with the resultant allocation of teachers to 
staffrooms, presented problems for Martin who saw limited opportunities to interact with other 
history teachers and Michael who saw this arrangement as contributing to the student behaviour 
issues he encountered. Conversely, the POD groups provided opportunities for Karen to develop 
relationships with students (Karen_28May13_1) and for Michelle to reorganise the time between 
history and English allowed her to achieve her goals in both subjects (Michelle_27May13_1). 
Although all the teachers were participating in the Numeracy Project, their reasons for doing so and 
attitudes towards the project appeared to differ markedly. Karen saw an opportunity to develop her 
teaching repertoire (Karen_28May13_5) and Michelle appeared motivated to improve her practice, 
claiming that her current practices in relation to numeracy were self-taught (Michelle_27May13_4). 
On the other hand, Martin saw the Numeracy Project in terms of developing skills to teach 
mathematics (Martin_27May13_5) and Michael felt obligated to participate (Michael_28May13_9). 
These differing perspectives mean that the impact of the Numeracy Project on each teacher’s 
identity as an embedder-of-numeracy is unlikely to be the same. 
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Table 5.5 
Summary of the Life History Domain for Each Teacher From Metropolitan High School 
 Teacher 
Life History Domain Karen Martin Michelle Michael 
Past experiences of 
mathematics 
Studied tertiary-level 
mathematics 
Studied Social 
Mathematics at school 
No information of past 
studies of mathematics 
Studied tertiary-level 
mathematics 
Pre-service program Reported no focus on 
numeracy in pre-service 
teacher education 
Reported no focus on 
numeracy in pre-service 
teacher education 
Reported no focus on 
numeracy in pre-service 
teacher education 
Reported no focus on 
numeracy in pre-service 
teacher education 
Initial teaching experiences Introduction of 
Australian Curriculum 
and NAPLAN 
Physical education in a 
primary school 
Not mentioned Teaching mathematics 
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Table 5.6 
Summary of the Knowledge Domain for Each Teacher From Metropolitan High School 
 Teacher 
Knowledge Domain Karen Martin Michelle Michael 
Mathematical content 
knowledge 
Completed a first year 
tertiary mathematics 
course and a 
mathematics pedagogy 
course  
May need further 
development 
(Martin_9Sept13_2) 
No formal post-
secondary mathematics 
but a major in 
Geography 
Qualified to teach 
mathematics 
Pedagogical content 
knowledge 
 “hadn’t been a lot of 
deliberate PD” 
(Karen_28May13_4) 
Few opportunities to 
develop this type of 
knowledge prior to the 
Numeracy Project 
“self-taught or relying 
on resources” 
(Michelle_27May13_4) 
Few opportunities to 
develop this type of 
knowledge prior to the 
Numeracy Project 
Curriculum knowledge New science curriculum 
that identifies numeracy 
as a general capability 
New history curriculum 
that identifies numeracy 
as a general capability 
New history curriculum 
that identifies numeracy 
as a general capability 
New science curriculum 
that identifies numeracy 
as a general capability  
Other     
(Subject knowledge) Formal qualifications to 
teach science 
Formal qualifications to 
teach history 
May lack formal 
qualifications to teach 
history 
Teaching out of field 
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Table 5.7 
Summary of the Affective Domain for Each Teacher From Metropolitan High School 
 Teacher 
Affective Domain Karen Martin Michelle Michael 
Personal conception of 
numeracy 
“mathematical concepts 
… real life” 
(Karen_28May13_9) 
“Everyday living” 
(Martin_27May 13_5) 
“maths can be applied 
in other subjects” 
(Michelle_27May13_8) 
“basic skills” 
(Michael_28May13_6) 
Attitudes towards 
mathematics (confidence) 
No evidence that Karen 
was not confident 
“very ordinary at 
maths” 
(Martin_27May13_4) 
No evidence that 
Michelle was not 
confident 
No evidence that 
Michael was not 
confident 
Perceived preparation to 
embed numeracy 
Not explored  Not explored  Not explored  Not explored  
Other     
(Beliefs about pedagogical 
approaches that are possible) 
“struggle with any 
activity that is out of 
the ordinary” 
(Karen_28May13_3) 
“biggest frustration … 
apathy” 
(Martin_27May13_2) 
Not mentioned  “meaningful lessons … 
more freedom … not 
realistic” 
(Michael_28May13_3) 
(Motivation to embed 
numeracy in subjects)  
“human history is just a 
sliver” 
(Karen_28May13_10) 
“Do they understand 
…? 
(Martin_27May13_8) 
 
“didn’t quite get that … 
they worked really 
hard” 
(Michelle_29May13_2) 
“We have a curriculum 
that we have to meet” 
(Michael_28May13_8) 
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Table 5.8 
Summary of the Social Domain for Each Teacher From Metropolitan High School 
 Teacher 
Social Domain Karen Martin Michelle Michael 
School communities Mentoring for 
colleagues 
Limited opportunities 
for interactions with 
colleagues 
(Martin_27May13_1) 
Colleagues view 
numeracy as the 
responsibility of 
mathematics teachers 
(Michelle_27May13_5) 
“Seen teachers try and 
do that stuff 
[meaningful lessons] 
and it doesn’t work out” 
(Michael_28May13_3) 
Professional communities Participation in 
Numeracy Project 
Participation in 
Numeracy Project 
Participation in 
Numeracy Project 
Participation in 
Numeracy Project 
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Table 5.9 
Summary of the Context Domain for Each Teacher From Metropolitan High School 
 Teacher 
Context Domain Karen Martin Michelle Michael 
School policy environment     
(NAPLAN) Not mentioned “focus to … improve 
our NAPLAN results” 
(Martin_29May13_1) 
“structured skills … in 
the lead up to 
NAPLAN” 
(Michelle_27May13_3) 
Not mentioned 
(use of Resource Package) Resource Package 
means “telling them 
exactly what to do”  
(Karen_ 30Nov12_1) 
Used the Resource 
Package 
Modified the Resource 
Package 
Not mentioned 
Resources for teaching Limited access 
prevented further 
exploration of 
radioactive decay 
“leave the computer at 
home” 
(Martin_27May13_3) 
Limited access 
prevented students from 
additional analysis in 
vignette (Section 5.4.4) 
Computers difficult to 
access 
(Michael_29May13_3) 
and many “not 
working” 
(Michael_29May13_1) 
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Table 5.10 
Summary Factors that Contribute to the Zone of Proximal Development of Each Teacher From Metropolitan High School 
 Teacher 
Zone of proximal 
development 
Karen Martin Michelle Michael 
Beliefs about numeracy     
Personal conception of 
numeracy 
“mathematical concepts 
… real life” 
(Karen_28May13_9) 
“money management” 
(Martin_27May13_6) 
“maths … other 
subjects … part-time 
work” 
(Michelle_27May13_8) 
“a form of mathematics 
… basic skills” 
(Michael_28May13_4) 
Place of numeracy in subject “uses lots of data” 
(Karen_29Ma713_8) 
“mathematical things in 
the context of SoSE” 
(Martin_27May13_8) 
“mean, median and 
mode” 
(Michelle_27May13_7) 
“a lot of graphing and 
interpreting tables” 
(Michael_27May13_6_ 
Connection between 
numeracy and understanding 
subject concepts 
“human history is just a 
sliver” 
(Karen28May13_10) 
“timelines … 
population growth … 
percentages” 
(Martin_27May13_8) 
“to give them  … an 
idea of how tight things 
were” 
(Michelle_29May13_1) 
No evidence 
Mathematical content 
knowledge (MCK) 
    
Had opportunities to learn the 
mathematics inherent in the 
subject 
Yes Possibly Yes Yes 
Confidence with mathematics No evidence to contrary “very ordinary” 
(Martin_27May13_3) 
No evidence to contrary No evidence to contrary 
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Table 5.10 (continued) 
Summary of Factors that Contribute to the Zone of Proximal Development of Each Teacher from Metropolitan High School 
 Teacher 
Zone of proximal 
development 
Karen Martin Michelle Michael 
Curriculum Knowledge (CK)     
Able to identify a numeracy 
learning opportunity 
Geological time 
(Section 5.2.3) 
The Industrial 
Revolution 
(Section 5.3.3) 
Making a nation  
(Section 5.4.3) 
Biological Sciences 
(Section 5.5.3)  
Subject Knowledge     
Had opportunities to learn 
about subject 
Yes No Possibly Some 
Pedagogical Content 
Knowledge (PCK) 
    
Fully exploited the numeracy 
learning opportunity  
No No No No 
Had opportunities to develop 
PCK for numeracy  
No No No No 
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Table 5.11 
Summary of Factors that Contribute to the Zone of Free Movement/Zone of Promoted Action (ZFM/ZPA) Complex of Each Teacher From 
Metropolitan High School  
 Teacher 
Zone of Free Movement 
(ZFM) 
Karen Martin Michelle Michael 
Australian Curriculum     
Perception of numeracy of 
colleagues 
Takes time away from 
content 
“slowly changing” 
(Martin_27May13_7) 
“numeracy is left with 
maths” 
(Michelle_27May13_2) 
Not mentioned 
Opportunities for interactions 
with colleagues 
Mentoring from 
colleagues 
No opportunities 
(Martin_27May13_1) 
Not mentioned Not mentioned 
Perception of student 
capabilities 
“struggle with any 
activity” 
(Karen_28May13_3) 
“biggest frustration … 
apathy” 
(Martin_27May13_2) 
Diverse population Behavior management 
issues 
(Michael_28May13_3) 
Structure of the school day 
(POD groups/70 minute 
lessons) 
“develop relationships” 
(Karen_28May13_1) 
Not mentioned “quite beneficial” 
(Michelle_27May13_1) 
“always playing catch 
up” 
(Michael_28May13_1) 
Access to appropriate 
resources 
Limited access to 
technology 
Students do not bring 
laptops 
(Martin_27May13_2) 
Lack of access to 
computers in observed 
lesson 
(Section 6.4.3) 
“I always shy away 
from that” 
(Michael_29May13_1) 
National numeracy testing 
(NAPLAN) 
Not mentioned Need to prepare 
students for NAPLAN 
literacy test 
“use our [NAPLAN] 
data 
Michelle_27May13_3 
Not mentioned 
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Table 5.11 (continued) 
Summary of Factors that Contribute to the Zone of Free Movement/Zone of Promoted Action Complex of Each Teacher From Metropolitan 
High School 
 Teacher 
Zone of Promoted Action 
(ZPA) 
Karen Martin Karen Michael 
Other professional learning Mentoring from 
colleagues 
No “Self-taught” 
(Michelle_27May13_4) 
“not the biggest one to 
go searching” 
(Michael_28May13_8 
Participation in the Numeracy 
Project 
“jumped at the 
opportunity” 
(Karen_28May13_5) 
Logical because of 
Karen’s involvement 
Non-maths teaching 
maths 
(Martin_27May13_5) 
Nominated by principal 
but the Numeracy 
project “makes you 
think” 
(Michelle_29May13_1) 
“I pretty much have to 
as well” 
(Michael_28May13_9) 
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5.7 Chapter Summary and Conclusions 
Promoting numeracy learning in subjects across the curriculum is one of the approaches taken 
in schools to enhance students’ numeracy capabilities (see Section 2.1.2 for alternative approaches). 
The purpose of the present study was to identify ways to support teachers in this endeavour. A 
framework for identity as an embedder-of-numeracy and an adaptation Valsiner’s (1997) zone theory 
were proposed as a way of achieving this outcome (see Chapter 4). The findings presented in this 
chapter: (1) illustrate how the framework for identity as an embedder-of-numeracy and the adaption of 
Valsiner’s (1997) zone theory could be used in empirical research; and (2) allow preliminary evaluation 
of the framework for identity as an embedder-of-numeracy and how this framework was mapped onto 
Valsiner’s zones. Consequently, these findings address both research questions for the present study 
(see Section 1.2). 
The set of possible ways in which the four teachers from Metropolitan High School might 
develop (i.e., their zone of proximal development) seems constrained by their existing knowledge and 
affective attributes in relation to numeracy. All the teachers had personal conceptions of numeracy that 
could be considered as narrow. Thus, it could be argued that opportunities to broaden their personal 
conception of numeracy may help in strengthening their identity as an embedder-of-numeracy. 
Furthermore, there had been few opportunities for any of the teachers to develop pedagogical content 
knowledge for numeracy. For this reason, further assistance to develop the knowledge necessary for 
designing tasks that exploit numeracy learning opportunities in subjects across the curriculum may be 
useful. These interventions alone may be sufficient for Karen and Michelle because both of these 
teachers could see a reason for embedding numeracy in the subjects they were teaching, but Martin and 
Michael may need additional assistance. Martin may require support to develop expertise with the 
mathematics he is likely to encounter when teaching history. Michael on the other hand, was as an out-
of-field teacher, and may require opportunities to develop the knowledge necessary for teaching 
science and assistance in attending to numeracy in a way that enhances learning in science. There are 
also ways in which the teachers could be assisted to overcome constraints imposed by their 
professional context (i.e., their zone of free movement). For example, all of the teachers had difficulty 
in gaining access to computers. Identifying more effective ways to utilise the technology that is 
available could be one way of helping them overcome this constraint. 
Preliminary evaluation of the framework for identity as an embedder-of-numeracy was possible 
through the cases presented in the chapter. Evidence was found within the cases to support the 
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proposed framework (see Table 4.1); however, three additional factors that appeared to influence how 
the teachers promoted numeracy learning were identified. Attending to numeracy learning 
opportunities in subjects across the curriculum requires non-mathematics teachers to pay explicit 
attention to numeracy in the subjects they teach. Unless teachers can see how taking advantage of these 
opportunities has potential to enhance subject learning, it could be argued, that they are unlikely to do 
so; in other words, being able to see how numeracy can enhance subject learning may provide 
motivation for teachers to explicitly address numeracy in non-mathematics subjects. For this reason, 
motivation to embed numeracy was included in the framework because it may provide a reason for 
teachers to make changes to their classroom practices (e.g., Gresalfi and Cobb, 2011). Making 
connections between numeracy and subject learning may be more difficult for those teaching out of 
field, adding to the challenges that already exist for these teachers. As a result, subject knowledge of the 
subject being taught was the second factor added to the framework. Finally, some of the teachers’ 
perceptions of students seemed to prevent them from taking student centred approaches that could have 
permitted students to develop the confidence and willingness to employ mathematical approaches (the 
dispositions dimension in the numeracy model developed by Goos, et al., 2014). For this reason, beliefs 
about the pedagogical approaches that are possible was added to the framework. Additionally, the 
findings support the manner in which the framework for identity as an embedder-of-numeracy was 
mapped onto Valsiner’s (1997) three zones. The findings presented in the chapter are drawn in Chapter 
7 so that the framework for identity as an embedder-of-numeracy and the adaption of Valsiner’s (1997) 
zone theory (the approach proposed in Chapter 4) can be re-examined in more detail with further cases. 
Suggestions were made at the end of each case study about how the teacher might be assisted to 
strengthen his or her identity as an embedder-of-numeracy. One way of finding out if these suggestions 
are effective could be to follow the trajectories of these teachers’ identities over time. If the teachers 
were assisted in the ways suggested and this led to the strengthening of each teacher’s identity as an 
embedder-of-numeracy, then it could be argued that identifying ways to support teachers to embed 
numeracy in subjects across the curriculum could be achieved by using the framework for identity as an 
embedder-of-numeracy in conjunction with an adaptation of Valsiner’s (1997) zone (i.e., the approach 
proposed in Chapter 4). A preliminary exploration of how this approach might provide insights into 
possible trajectories of a teacher’s identity as an embedder-of-numeracy is presented in the following 
chapter.
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Chapter 6  
Teacher Trajectories and Boundary Objects 
The case studies of Kylie, Erica, and Barbara are presented in this chapter. Kylie’s case 
provides an opportunity to investigate how her identity as an embedder-of-numeracy changed over a 
two-year period. Consequently, there is an opportunity to explore how the proposed adaptation 
Valsiner’s (1997) zone theory (see Section 4.3) might contribute to understanding possible trajectories 
of a teacher’s identity as an embedder-of-numeracy. The cases of Erica and Barbara contribute to 
investigating the use of boundary objects (Star & Greisemer, 1989). Additionally, that of Barbara 
illuminates some of the challenges for out-of-field teachers in promoting numeracy learning. The three 
cases allow further scrutiny of the framework for identity as an embedder-of-numeracy and the 
adaptation of Valsiner’s zone theory (see Chapter 4) as a means of identifying ways to support teachers 
to promote numeracy learning across the curriculum. 
The case studies were developed by drawing on data collected in six visits to Regional High 
School conducted over a two-year period. Each teacher was observed teaching more than one subject: 
Kylie taught English, history, and geography; Erica taught English and history; and Barbara taught 
mathematics and science. The subjects of science and history were chosen as the focus subjects for the 
present study because they were taught by at least three teachers, and provided an opportunity to 
explore the use of boundary objects in these subjects. In addition, two teachers (Michael and Barbara) 
were teaching science out of field: identification of some of the issues faced by out-of-field teachers in 
promoting numeracy learning was an interesting finding from the study. For these reasons, the focus 
subject was history for Kylie and Erica, and was science for Barbara. 
The first section of the chapter provides information about Regional High School, the teachers’ 
school context. The case studies of Kylie, Erica, and Barbara follow. These case studies include 
information about the teacher, one or more lesson vignettes and an analysis of each teacher’s identity as 
an embedder-of-numeracy. For Kylie’s case this analysis employs the proposed adaptation of 
Valsiner’s zone theory (see Section 4.3), whereas for Erica and Barbara, the analysis is through the 
framework for identity as an embedder-of-numeracy (see Section 4.2). The chapter concludes with a 
summary of how the findings presented in the chapter contribute to addressing the two research 
questions for the study (see Section 1.2): how a sociocultural approach employing teacher identity and 
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an adaptation of Valsiner’s (1997) zone theory could contribute to identifying ways to support teachers 
to promote numeracy learning across the curriculum. 
6.1 Regional High School 
Regional High School was located in a provincial city where mining was the main industry. The 
school was situated in an average socioeconomic area (ICSEA was 99821 in the first year of the study), 
with the student population of just under 1,000 coming from both metropolitan and rural areas. The 
school results from national numeracy testing in the National Assessment Program – Literacy and 
Numeracy (NAPLAN) were close to those for schools with students of similar backgrounds and the 
national average  (ACARA, 2014c). 
The Australian Curriculum (ACARA, 2014a) for English, Mathematics, Science, and History 
was implemented at Regional High School in the first year of the present study. However, the new 
history curriculum was not taught as a separate subject. History units were embedded within the subject 
of Studies of Society and the Environment (SoSE)22. Students in Grade 8 and Grade 9 studied 
mathematics, science, English, and SoSE in both semesters; with history studied in the second semester 
of SoSE. The new geography curriculum was introduced in the second year of the study, and separate 
history and geography subjects replaced SoSE23. 
There was a main staffroom located in the Administration block and four smaller staffrooms 
distributed around the school grounds. Teachers were allocated to the smaller staffrooms based on the 
main discipline they taught. Kylie was in a staffroom with English, and Business and Information 
Technology teachers; Erica was in a staffroom with Humanities and Physical Education teachers; and 
Barbara was in a staffroom with Mathematics, Manual Arts, and learning support teachers. Science 
teachers were located in the remaining staffroom. The main staffroom was used for whole school 
meetings and occasional morning teas. Teachers seemed to spend most of their non-teaching time in the 
smaller staffrooms. There was no formal POD group arrangement for junior classes, as was the case at 
Metropolitan High School (see Section 5.1) but seemingly occurred partially for Grade 8 students who 
had the same teacher for both English and history. There were four 70-minute lessons in the school day 
21 A scale to allow comparison of NAPLAN results from different schools (see Footnote 14). 
22 A subject that involves study of the humanities and social sciences (see Footnote 15). 
23 History units embedded in SoSE are referred to as the subject of history in the remainder of the 
chapter. 
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and students had three lessons per week for mathematics, science, English, and either history or 
geography. 
Teachers at Regional High School were required to follow an explicit teaching model24 where 
each lesson had three parts: a short opening segment referred to as a warm up, the body of the lesson 
(incorporating three phases: I do, we do, you do), and a closing segment. The state education 
authority’s Resource Package, which was used at Metropolitan High School (see Section 5.1), was used 
at Regional High School. Teachers reported using the Resource Package to support planning rather 
than as a prescription for how units should be taught. For example, Kylie reported that: “we looked at 
the [Resource Package], we saw what we had to do, and then we kind of changed it” 
(Kylie_14Oct14_1). 
All classrooms at Regional High School had interactive whiteboards but access to computer 
technology for students’ use appeared limited for some classes. There were a small number of desktop 
computers in classrooms and the school had a take-home laptop hire program but classroom 
observations revealed only partial uptake of this program. 
Regional High School received a grant from the state government under the Great Results 
Guarantee (DET, 2014) in the second year of the study. This initiative was designed to improve student 
outcomes in literacy and numeracy as measured through national literacy and numeracy testing 
(NAPLAN). Under the funding agreement, schools had autonomy about how the money was used but 
were required to guarantee that all students’ achieved the national minimum standard for literacy and 
numeracy or have a plan in place to address specific learning needs of students. Regional High School 
used this funding to appoint a Literacy Coach (Kylie) and a Numeracy Coach (Barbara). These two 
positions equated to one full-time teacher’s load with continued funding dependent on improved 
student performance on NAPLAN. 
6.2 Kylie: An Early Career History Teacher 
Kylie was in her second year of teaching when the present study began, having commenced her 
teaching career at Regional High School. Changes were observed in the way Kylie promoted numeracy 
learning and what she said about numeracy over the course of the study. For this reason, her case 
illustrates how the proposed adaptation of Valsiner’s (1997) zone theory (see Section 4.3) could be 
used to understand possible trajectories of a teacher’s identity as an embedder-of-numeracy. Kylie 
24 The explicit teaching model used at Regional High School was developed by an education consultant 
and has been implemented in many Queensland schools. 
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appeared to begin the study as a separatist who saw numeracy as the responsibility of mathematics 
teachers but seemed on a trajectory towards an embedder who saw numeracy as enriching 
understanding in history (see Thornton & Hogan, 2004). Her comments in interviews, and the way in 
which she utilised a timeline towards the end of the study, compared with her use of the same artefact 
in the first year, provide evidence of her changing identity as an embedder-of-numeracy. Furthermore, 
Kylie’s case contributes to investigating the use of boundary objects (Star & Greisemer, 1989; see 
Section 2.1.4) to promote numeracy leaning. Her use of a timeline towards the end of the study 
illustrates how explicitly attending to numeracy can enhance learning in history, while the prevalence 
of boundary objects in this subject is evident in a vignette from the first year of the study. 
6.2.1 Professional context 
Kylie was in a staffroom with English rather than Humanities teachers, so opportunities to 
interact with other history teachers, including Erica (see Section 6.3) were limited. According to Kylie, 
her participation in a research project on numeracy was seen as strange by some of her English 
teaching colleagues. The general feeling in her staffroom seemed to be that numeracy and mathematics 
are the same: “I think that they still feel that numeracy just applies to maths” (Kylie_4Sept13_1). 
Evidence that this perception may be held more generally within the school was provided later in the 
study when Kylie commented on what she perceived to be her school’s view of numeracy across the 
curriculum: “Numeracy is still regulated to maths subjects” (Kylie_RT_3Dec14_1). 
The warm up segment of lessons (see Section 6.1) gave Kylie opportunities for revision in 
English and history lessons. Although she was not asked about the potential of having a numeracy 
focus in the warm up segments of her lessons, she identified this possibility: 
My warm-ups are probably more literacy focused, content focused in history. Like who did this, 
when did this happen? English is more like where do we put the comma? How do we spell this? 
Looking up this word, looking up prefixes and suffixes and things like that. But yeah there’s 
probably not a numeracy focus in my warm ups. That’s an interesting idea though. 
(Kylie_4Sept13_2) 
Kylie was observed later in the study using the warm up segment in both history and geography lessons 
to attend explicitly to numeracy within these subjects. For example, in one warm up segment in a 
history lesson she asked students to construct a scaled timeline (see the second vignette in Section 
6.2.3). 
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Implementation of the Australian Curriculum (ACARA, 2014a) presented Kylie with some 
challenges throughout the two years of the study, particularly in relation to the amount of historical 
content that needed to be covered. For example, Kylie used a task where students wrote a newspaper 
article about a key aspect of life in Medieval Europe. She indicated the amount of content to be covered 
would make it impossible for numeracy to be incorporated into this task (e.g., by asking students to 
provide some data as evidence in their article): “We don’t have time at the moment and that’s what I 
am particularly concerned about” (Kylie_4Sept13_3). Towards the end of the study, Kylie noted that a 
reduction in historical content would allow a greater focus on development of historical skills, 
including those involving numeracy: 
I’ve really pushed, and a lot of other teachers have, to reduce the amount of content we teach 
and focus on the skills because at the end of the day a student can Google when Balboa found 
the Pacific Ocean but if they can’t read a timeline or read a map or construct a graph then, you 
know, they’ve lost significant skills. I would like to see the focus on skills more I think. 
(Kylie_14Oct14_2) 
Even though numeracy demands in the new history curriculum were identified with icons and online 
filters, towards the end of the study Kylie felt that “the numeracy that’s outlined [in the curriculum 
documents] isn’t particularly in depth or challenging” (Kylie_14Oct14_3). Her comment suggests that 
she may see numeracy as being more complex than how it was portrayed in curriculum documents. 
Limited availability of appropriate resources was also an issue for Kylie. For example, when 
students were writing their newspaper article on medieval life, they needed to use computers and 
reference books to research their chosen aspect. However, there were only three desktop computers in 
the classroom and only a few students had access to personal laptops. Additionally, access to a single 
computer laboratory and reference books were shared with other Grade 8 history classes: 
We just didn’t quite have enough resources … we only have one free computer lab … four 
classes on each line … we’ve had one lesson on computers and the rest has been from books. 
Obviously we are building up books, [to support changes to the history curriculum but it] will 
probably take a couple of years before we have enough books. (Kylie_4Sept13_4) 
While access to computers remained an issue in the second year of the study, Kylie also reported 
lacking confidence in using computers in her teaching: “We just don’t have a lot … There are 
computers up the back [of the room]. I don’t feel quite confident. I think that this would be an area I 
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would like help in teaching” (Kylie_14Oct14_4). Kylie also had difficulty getting access to resources 
not normally associated with teaching history but needed to promote numeracy learning: “Resources 
such as calculators, rulers, and graph paper have to be sourced from the Maths Department which can 
be difficult” (Kylie_RT_3Dec14_2). 
In the first year of the study Kylie was asked about policies or programs to support students’ 
literacy and numeracy learning. She reported being fairly sure there was a literacy committee and 
thought there might also be a numeracy committee but was unsure of the purpose of these committees. 
Additionally, changes had occurred in the school’s approach to literacy and numeracy. Previously, 
students in Grade 8 and Grade 9 had learning skills classes where one semester was devoted to literacy 
and the other to numeracy; the school’s approach now centred on ensuring that Common Curriculum 
Elements (CCEs)25 (Queensland Curriculum and Assessment Authority [QCAA], 2015), which include 
aspects of literacy and numeracy, were part of all subjects: 
I’m fairly sure we have some kind of literacy committee and possibly a numeracy committee 
but I haven’t heard from them for a while … We used to have learning skills classes that were 
broken up into six months of literacy and six months of numeracy but that didn’t work very 
well from an organisational basis and I think they’ve gone back to teaching CCEs instead of 
straight up literacy and numeracy. (Kylie_4Sept13_5)  
From Kylie’s perspective, the emphasis on improving literacy appeared to be greater than on 
improving numeracy but she conceded that her perception might have been influenced by her location 
in a staffroom with English teachers. However, the focus on literacy seemed to be on ensuring that 
students were prepared for national literacy testing undertaken as part of NAPLAN rather than literacy 
per se: “There is such a focus in English to prepare students for NAPLAN, there is that literacy angle 
with all of our work and assessment in class” (Kylie_4Sept13_6).  
Kylie expressed a desire to continue the work she was doing with numeracy beyond the end of 
the Numeracy Project (see Section 3.3.2): 
Yeah, I think, like probably long term, I would like to be involved in something at the school 
developing the Numeracy Project. Obviously it would be a waste of everything if we didn’t 
because I know there is such a focus on literacy. (Kylie_4Sept13_7) 
25 Common Curriculum Elements are a set of 49 generic skills that are tested in the Queensland Core 
Skills (QCS) Test. The QCS test is taken by Grade 12 students and contributes information to the 
calculation of rankings for tertiary entrance purposes. 
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An opportunity for Kylie to be involved in supporting students’ numeracy learning beyond her 
classroom came in the second year of the study. A number of committees had been set up by the school 
administration and each teacher was asked to join one. Kylie’s participation in the Numeracy Project 
and new role as Literacy Coach prompted her to join the Literacy and Numeracy Committee26. The 
primary task for this committee, in Kylie’s opinion, seemed to be to evaluate the impact of literacy and 
numeracy strategies on student performance on NAPLAN: 
We looked at NAPLAN data and discussed the NAPLAN data … I think the endpoint is to 
track how we are implementing literacy and numeracy in the school and then see the results 
from that. And we’ve coordinated some PD [professional development], but only for literacy, 
because … the numeracy people [referring to the mathematics department] are happy with 
NAPLAN. (Kylie_14Oct14_5) 
Some indication of the schools’ approach to numeracy and the pressure with regards to student 
performance on NAPLAN were evident in Kylie’s description of how students were prepared for the 
NAPLAN numeracy test: 
Every single maths class, at the beginning, they do this type of explicit skills thing … It is very 
NAPLAN focused … and they got the results that they’ve been asked for. But at the same time, 
the maths department did work very hard … if they didn’t get good results, the school would 
probably ask [head of mathematics department] for some answers and make it a whole school 
program. (Kylie_14Oct14_6) 
These comments regarding the impact of NAPLAN on school organisation and pedagogy are consistent 
with the findings of other studies (e.g., Hardy, 2015). 
6.2.2 Background 
Several changes to Kylie’s identity as an embedder-of-numeracy were observed over the course 
of the study. This section begins with information about Kylie’s school and university experiences. Her 
changing perceptions about numeracy, its place in history lessons, and her capacity to plan for 
numeracy are discussed next. Information about Kylie’s interactions with others in relation to 
numeracy concludes the section. 
26 The Literacy and Numeracy Committee seemed to have replaced the two committees that Kylie 
thought existed in the first year of the study. 
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Education at school and university 
Kylie studied mathematics in her final two years at school even though humanities subjects 
were her main interest and she was not enthusiastic about mathematics: 
Maths was something I kind of endured … Like, I did Maths A [a subject taken in the final two 
years of school by students who do not require knowledge of calculus], and I did quite well in 
Maths A, but I took it because it was the easy one. (Kylie_14Oct14_8) 
She completed a Bachelor of Arts, majoring in Ancient History and English Literature. No formal 
mathematics subjects were part of her university studies but she reported using mathematical 
knowledge, especially statistics, in some of her history courses. 
After travelling and working overseas, Kylie returned to Australia and completed a Graduate 
Diploma in Education with teaching areas in English and History. She could not remember much 
emphasis being placed on literacy and numeracy during her pre-service teacher education program. She 
did however recall having to comment on both literacy and numeracy in an assessment task for a 
course she completed during her final semester. Kylie reported that her focus in this task was much 
more on literacy than numeracy: “We had to comment on it in our portfolio about how we address 
literacy and numeracy but I don’t remember focusing on numeracy much. There was much more focus 
on literacy” (Kylie_4Sept13_8). 
Perceptions about numeracy 
Before her participation in the Numeracy Project, Kylie had seen numeracy as the responsibility 
of the mathematics teachers, perhaps indicating that she saw numeracy and mathematics as the same: 
I was probably one of those teachers who was like, “Numeracy, well I’m sure they’ll cover that 
in maths”. Um and like when I went to the [Numeracy] project if you do this and this and I 
thought well I do do this but it wasn’t explicit. (Kylie_4Sept13_9) 
This comment suggests that her ideas about numeracy were changing and she noted that it was 
becoming more recognisable in her teaching: “It [numeracy] has become so much more, not prevalent, 
but obvious in what I do” (Kylie_4Sept13_10). 
Kylie provided further evidence of changes in her personal conception of numeracy and her 
confidence of dealing with it in the subjects she was teaching when she described how she felt about 
the idea of numeracy across the curriculum: 
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I’ve obviously seen an increase of just recognising how much numeracy there is. I think also 
though I noticed by coming into this, I felt much less like I would have two years ago. I would 
have freaked out at the thought of doing maths. I’m, like, I don’t know how to do maths or 
anything like that. I’m much more confident. (Kylie_3Jun14_1) 
At the end of the study, Kylie noted how her views about the importance of numeracy had changed to 
the point where she saw numeracy as important as literacy: 
One thing I’ve realised over this time [the duration of the Numeracy Project], if you had asked 
me before the project, I would have said obviously numeracy is important but literacy is the 
most important … [now] I see it on a par with literacy … if you are innumerate, that’s on a 
level with not being able to read. (Kylie_14Oct14_9) 
Kylie’s comments over the course of the present study indicate a changing personal conception 
of numeracy, and increased awareness of and confidence with attending explicitly to numeracy in 
history. 
Numeracy and historical understanding 
One of the results of needing to cover content within a limited timeframe, according to Kylie, 
was that teachers were sometimes prevented from attending numeracy in ways that help students’ 
conceptual understanding in history. For example, she thought that more use could be made of 
representational tools to enable students to gain a better understanding of historical data: 
We spend a lot of time discussing the concepts, like, “What percentage here? What percentage 
there?” … We don’t spend a lot of time transferring that into easy to look at information … We 
don’t particularly follow through with those kinds of tools like turning it into a pie chart, into a 
graph kind of thing which would be the next step and I think it’s just time because we have to fit 
a lot of concepts in. (Kylie_4Sept13_11)  
Kylie could see benefits for students’ historical understanding in explicitly attending to 
numeracy learning opportunities. Throughout the present study she described several instances of how 
numeracy could enhance learning in history. For example, she related the proportion of people who 
died to the same proportion of students in the class to help students understand the significance of the 
Black Plague: 
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We looked at the Black Plague and how many were affected … we did how many people in the 
world would have been killed, one to two thirds, one to two thirds of the world, of Europe and 
then we looked at the school and then we looked at the classroom and decided who gets killed 
by the Black Plague … They just needed to understand how bad the Black Plague was. So it 
was a very easy concept to apply numeracy to … we said it was devastating and I think the 
problem was that they didn’t understand, like, they have a lot of difficulty identifying the 
concepts in the medieval world … it was trying to build their understanding. 
(Kylie_4Sept13_12) 
Kylie described how more extensive use of maps in history lessons on the Spanish conquest of the 
Americas could help students to understand the historical concept of cause and effect, acknowledging 
that available time had prevented her from taking this approach: 
I think we could use some more mapping because there’s so many questions that arise … 
Where did they live? Why do they speak English here? Which is a very obvious question. We 
keep talking about Spanish, Spanish, Spanish, Spanish. Why are the Americans English or 
speak English or look English? So that’s a good cause and effects kind of question. If we had 
more time probably we could look into it (Kylie_16Oct14_1). 
The concept of time is important for historical understanding (Blow et al., 2012), and Kylie 
recounted her own lack of understanding of this concept when she was at school: 
I had this weird idea that history kind of stopped in other places when it happened in one place 
… it never occurred to me that when the Black Plague was happening or the Crusades were 
happening, there were still Vikings going around. (Kylie_14Oct14_12) 
She described a lesson, taught in the second year of the study, where she utilised a timeline to assist 
students to overcome the difficulties she had encountered while at school in understanding that 
historical events have duration and can be concurrent: 
I was trying to get them to think about timelines because my students, like, we have been trying 
timelines since we started this unit at the end of last term and we have done two or three and 
they are just [pause] having trouble with the times themselves, like, they’re having troubles 
conceptually understanding when things happened. So we did a whole world timeline about all 
the ideas we could think of. Like, when was the relationship between the Black Plague and the 
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Age of Discovery? And when was Captain Cook and the Age of Slavery? And when, you know, 
what was happening in Australia at this time? But they’re just [pause]; to them 1400 to 1600 is 
just this blurry blob in the middle of nowhere. They just have no idea what’s going on. 
(Kylie_14Oct14_13) 
Although Kylie could articulate some benefits of attending to numeracy learning opportunities 
for students’ historical understanding, the challenge for her appeared to be finding ways of embedding 
numeracy into history lessons in ways that do not prevent content being covered. 
Planning for numeracy in history 
Kylie began the present study reasonably confident that she could deal explicitly with the 
mathematical content in history lessons, even though some revision might be necessary: “Probably for 
me the mathematical knowledge needs a bit of a refresher for a lot of it. Once I look at it I can probably 
do it as long as it’s not too complicated” (Kylie_4Sept13_12). She expressed similar views towards the 
end of the study about confidence in her knowledge of mathematics: “I looked through the curriculum, 
like I felt confident with all of the mathematics I was presented with” (Kylie_14Oct14_10); and the 
need to revise some mathematical content prior to incorporating it into her lessons: 
Timelines, obviously, are old hat but … I had to double check I knew how to do the types of 
graphs but I mean I do that with most of my content if I haven’t taught it for like a year. (Kylie 
14 Oct14_11) 
Although confidence does not indicate competency, her confidence with mathematics was such that it 
is unlikely to prevent her from attending to numeracy in her history lessons. 
Kylie identified her greatest need for numeracy-related professional development as access to 
opportunities to develop the pedagogical content knowledge for numeracy: “So it would be the 
pedagogical approach … like how can I adequately incorporate numeracy without losing the focus on 
historical issues” (Kylie_4Sept13_14). At the end of the first year of the study she remarked that she 
was more likely to identify numeracy when she reflected on lessons rather than in planning for lessons: 
It’s more reflective stuff, like its more that I do the activity and later on think, “Oh you know 
what would have been really great for that activity is to actually do this and this and maybe this. 
(Kylie_8Nov13_1) 
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Neither comment was surprising. Without a focus on numeracy in her pre-service teacher education, 
Kylie would have had few opportunities to develop pedagogical content knowledge for numeracy and, 
like other beginning teachers, much of her learning is likely to occur when she reflects on lessons. 
Numeracy-related interactions with others 
Embedding numeracy across the curriculum, in Kylie’s opinion, requires explicit attention to 
numeracy and overcoming perceptions that each subject has its own knowledge and practices that are 
only applicable within that subject: “Just building that confidence and breaking down that … insular 
subject appeal. Like you know, English will be English and [history] will be [history]” 
(Kylie_16Oct14_2). Kylie seemed to have made some progress towards successfully addressing this 
issue in her history classes by the end of the study: “I haven’t had any students say, ‘Hang on. This is 
maths. Why are we doing it in [history]?’”(Kylie_16Oct14_3). This comment contrasts with earlier in 
the study when she reported that many of her students had difficulty seeing connections between 
subjects: 
When the kids say, “Oh we are doing maths now.” And I say, “No it’s [history].” They say, 
“But it’s maths.” And I say, “No, it’s still [history], it’s just the same skill.” But even between 
[history] and English, they get confused. When we talk about paragraphs they say, “This is 
English.” And I say, “No, still [history]. Just using a different skill”. (Kylie_4Sept13_15) 
A possible explanation for the change in students’ reactions to numeracy is that they had begun to see 
numeracy as an integral part of learning history because of changes in the way Kylie addressed 
numeracy in her lessons. 
Kylie recognised a need to work with others beyond her colleagues who taught history. She 
acknowledged that being aware of the mathematics her students could be expected to know was 
necessary if she was to embed numeracy into her history lessons, but Grade 8 mathematics  “doesn’t 
actually make much sense to me on a unit plan” (Kylie_14Oct14_16). Consequently, there was a need 
for Kylie to work with mathematics teachers. She also expressed a desire for more integrated planning 
across disciplines within her school, which she felt could be achieved by having 
a general meeting at the beginning [of the year] and just that awareness and that way it would 
open those communication lines … Increased awareness of what’s going on in other subjects  
… breaking down those kid’s ideas … separate ideas, separate subjects, separate skills. When 
it’s not. It’s one subject, one skill (Kylie_14Oct14_14) 
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Opportunities for Kylie to network with others outside her school community were limited, 
apart from interactions with researchers and teachers from other schools participating in the Numeracy 
Project. She was not involved in any professional associations for history. Furthermore, although she 
had seen advertisements for a small number of professional development workshops about numeracy, 
the majority of these were offered in the state’s capital city or another regional city, both about 500 
kilometres from her school. 
6.2.3 Promoting numeracy learning in history 
Kylie was observed teaching Grade 8 history (five lessons over both years of the study), 
geography (two lesson during the second year of the study), and English lessons (four lessons during 
the first year of the study). Two classroom vignettes from history lessons are presented in this section. 
Both lessons were taught as part of an elective about the Spanish conquest of the Americas. This 
elective is part of the part of Australian Curriculum (ACARA, 2014a) for History in Grade 8, which 
covers the period from about 650AD (CE) to 1750. The numeracy icon was not used to identify any 
numeracy demands in the relevant content description and elaboration (see Section 3.3.1 for further 
details). 
Kylie taught the first lesson in November 2013 and the second in October 2014. The vignettes 
were chosen for two reasons: Kylie used three boundary objects (Star & Greisemer, 1989; see Section 
2.1.4) in the first lesson; and the way in which she utilised a timeline in the second lesson differed 
markedly from her approach in the first. Consequently, the two vignettes provide evidence of Kylie’s 
changing identity as an embedder-of-numeracy and illustrate how boundary objects can be utilised to 
enhance both numeracy and learning in history. Kylie had attended three Numeracy Project workshops 
prior to the first vignette and five workshops before the second. 
Spanish conquest of the Americas: (November 2013) 
The first vignette spans an entire lesson because Kylie employed three different types of 
boundary objects in a single lesson: a timeline, a table of data, and a map. Thus, the lesson not only 
illustrates Kylie’s use of these boundary objects but also the prevalence of boundary objects in the 
subject of history. 
The warm up segment of the lesson (see Section 6.1) provided an opportunity for Kylie to 
revisit timelines, an historical skill to be developed through the study of history (ACARA, 2014a). 
Kylie had assumed that students would know how to construct timelines when she first introduced this 
artefact in a lesson about three weeks prior to the observed lesson: “I feel like I learned how to do a 
 139 
Chapter 6 Teacher trajectories and boundary objects 
timeline in [Grade] 3 and we just moved on” (Kylie_8Nov13_2). However, she was surprised when 
some students were not even sure how to begin to construct a timeline: 
Half the class had a lot of assumed knowledge on timelines  … and the other half stared at their 
piece of paper which was blank … So we had to go through step by step for half the class about 
how to construct a timeline … had a lot of students who, like the silliest little thing, that I 
assumed for every timeline, which is that the spaces equal the same number of years, so its 5 
years between each space on the timescale … [on one students’ timeline] one was twelve and 
one was five and one was six and one was ten and I was like, “What are you doing?” 
(Kylie_8Nov13_3) 
Kylie observed that students were able to place events in chronological order but many had not 
considered the need for a scale for the timeline: “they had put them [the events] in order, but they 
hadn’t stopped to think that you actually make a timescale on the line first” (Kylie_8Nov13_4). She 
reported that most students had positioned their timelines vertically on their page because they used the 
lines on the page as the scale, an approach she appeared to be happy with: 
They do it vertically so they can use the lines on their page, which is great. We had a discussion 
… “Do we do, you know, one line per year? Do we do five? Do we do ten?” Um, and most of 
them went for five or ten which was quite easy … overall I was expecting them to do the 
timeline activity quicker. (Kylie_8Nov13_5) 
The lesson began with Kylie revising some of the work on the Spanish conquest of the 
Americas from the previous lesson. Students were asked to name the features of timelines and to place 
five historical events that occurred during the period being studied in chronological order on a timeline 
(see Figure 6.1). After a short period of time, Kylie led a whole class discussion about the features of 
timelines and asked for a volunteer to construct a timeline for the historical events on the whiteboard. 
Although students had provided many of the features of a timeline in the discussion (e.g., title, scale, 
dates, equal spaces between decades, and an abbreviated description of the events), the timeline drawn 
on the whiteboard was not scaled, had no title or the years in which the events occurred, and had an 
arrow on the right hand end but not the left. Kylie made no comment about the missing features. She 
may not have considered it important to revisit these features because she had only allocated the brief 
warm up segment of the lesson to the timeline activity. 
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Figure 6.1 PowerPoint slide showing the information to be put on a timeline. 
The short-term and long-term effect of the Spanish conquest of the Americas was the focus of 
the body of the lesson. A map and table of population data were employed to assist students to 
understand the historical concept of cause and effect (ACARA, 2014a). 
Kylie displayed a map of South America with a shaded area to indicate the region of South 
America inhabited by the Inca but no topographical features were shown. Students were asked why the 
Incan empire was located along a narrow strip of land on the western coast of South America. Some 
students responded that the sea, a rainforest, and a mountain range surrounded the shaded region but 
needed to draw on their previous knowledge of geography to do so. Kylie did not provide an explicit 
reason for using the map but did identify how she could have used this artefact more effectively by 
including topographical features: 
I would have liked to look at a map in relation to other people groups. So how big were the 
Incas in relation to the Aztecs and the Mayans … looking at the topographic maps, where were 
the rivers? Where were the lakes? Where was the coastline? Where were the mountains? That 
would be really interesting. (Kylie_8Nov13_7) 
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These features would have assisted student to respond to her question about the location of the Incan 
empire without needing to rely on their previous knowledge. 
Kylie’s attention turned to the lives of the two major figures of the time, Pizarro and Atahualpa, 
and major events in the Spanish conquest of the Americas. Using a series of PowerPoint slides that had 
text and sometimes a picture or a diagram, Kylie followed I do, we do, you do phases of the explicit 
teaching model (see Section 6.1) to assist students in developing their note-taking skills.  
Population data for Inca (Indigenous), Spanish, and African people in South America from 
1491 to 1600 were provided (see Figure 6.2) and a whole class discussion of three issues followed. The 
discussion began with consideration of the scale of the reduction in the population of the Inca: the 
Indigenous population was reduced to approximately one-sixth of what it was prior to the arrival of the 
Spanish in just over a hundred years. To give students some sense of what this meant, Kylie related the 
reduction in population to the number of students in the class: only four of the twenty-four students in 
the class would survive. Reasons why it was impossible to accurately estimate the population of the 
Inca before the arrival of Columbus were discussed. Student suggestions included that records may not 
have survived, no one was able to interpret the records because of loss of language, no proper census 
had been conducted by the Inca, and the Spanish may not have preserved the records. Kylie did not 
pursue any of these ideas further but could have done so; for example, by discussing what a census is. 
Turning to possible reasons for the changes in populations of the three groups of people, Kylie 
informed students that the Inca had suffered from diseases brought by the Spanish in the same way as 
the Aztecs, where 80% of the population perished. Students were able to speculate on the reasons for 
the changes to the population of Spanish and African peoples: the resources that had been found in the 
Americas, and the need for people to work in the mines and fields, respectively. 
Kylie’s purpose for presenting the population data (Figure 6.2) was to help students understand 
the impact of the Spanish invasion on the Inca and to begin to make connections between what was 
happening in South America and the slave trade: 
So we went through and the table just showed that it went from 50 to 70 million people of the 
Indigenous population, so the Incas went down to 10 [million] a century later and then the other 
one looked at the rise in population of the Spanish and the African slaves because we haven’t 
really, we’ve been touching on the African slave issue … I was trying to lead them into that and 
I’m sure we’ll cover it next week in class. Just the concept, that there was a reason why they 
were there. (Kylie_8Nov13_8) 
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Her use of these data can be connected to the historical concepts of cause and effect and significance 
and is similar to the way that Phillips (2002) employed financial calculations to illustrate the 
significance of the slave trade (see Section 2.1.3). 
 
Figure 6.2 PowerPoint slide showing population data for Inca, Spanish and African people 
in South America. 
Analysing the tasks employed in this lesson in terms of the dimensions of the Goos et al. (2014) 
numeracy model reveals that Kylie utilised three representational tools to assist students to understand 
the Spanish conquest of the Americas (context). Mathematical knowledge was evident in Kylie’s use of 
the timeline and table of data (ordering of numbers and comparing the population data, respectively) 
but as no features or scale were included in the map there was an opportunity to make this task richer 
(as pointed out by Kylie; Kylie_8Nov13_7). There were also opportunities for more extensive use of 
the timeline and population data: Kylie could have asked students to work out a scale and measure their 
timeline, and used an activity that gave students some sense of the relative sizes of the populations, 
respectively. She may not have seen these possibilities or been prevented from exploring them due to 
time constraints. 
 143 
Chapter 6 Teacher trajectories and boundary objects 
Spanish conquest of the Americas: (October 2014) 
The second vignette also involves Kylie’s use of a timeline. In this instance, in a lesson on the 
same topic approximately a year later, she implemented the timeline activity with more explicit 
attention to numeracy. Her rationale for employing the timeline was to address difficulties students 
were having with the concept of time: 
Students are having trouble with the concept of time … the fact that there were actually 
multiple Spanish people moving at once … It wasn’t just like Columbus went and came back 
and then another one went and came back and then another one went and came back when 
really they were all just all over the place at once. So it’s about understanding the concept of 
time. (Kylie_16Oct14_4) 
Kylie utilised the warm up segment of the lesson (see Section 6.1) to pay explicit attention to 
the numeracy demands of constructing timelines. Students were asked to display the information about 
the journeys of six Spanish explorers on a timeline (see Figure 6.3). A teacher-led a whole class 
discussion about the important features of timelines was used to introduce the task. Kylie asked 
questions that included: Why do you need to measure? How far apart in time were the events? Why do 
we use an arrow? Why can’t we just have timeline as the title? A summary of these important features 
was provided, via a PowerPoint slide (see Figure 6.4), then students were given time to construct their 
timeline. 
On this occasion, Kylie placed much greater emphasis on numeracy in her approach to 
timelines than she had the previous year: “Well I think with the timelines for instance. We did spend a 
bit more time getting it [the timeline] right” (Kylie_16Oct14_5). However, the ongoing tension 
between attending to numeracy and covering the content was evident when she referred to an additional 
opportunity to use a timeline: 
It [constructing a timeline] is a very useful skill … we were looking at Magellan after he sailed 
around the world and I was like, “We should do a timeline”, but then I was like, “Oh, we don’t 
have time”. (Kylie_16Oct14_6) 
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Figure 6.3 PowerPoint slide showing significant events in the Spanish exploration of the 
Americas. 
 
Figure 6.4 PowerPoint slide showing the important features of a timeline. 
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When discussing the unit on the Spanish conquest of the Americas as a whole in the post-lesson 
interview, Kylie mentioned that population data would be used in the subsequent lesson to help 
students to understand historical concepts, possibly referring to the concepts of empathy and cause and 
effect: 
I think numeracy is used more to help the students understand concepts. So next lesson we have 
lots of data, population statistics, we look at [pause] pie charts and stuff about how many of the 
Indigenous population were left after the Spanish arrived and that kind of stuff and it helps them 
to understand how devastating the arrival of the Spanish was. And so I think the numeracy has 
been used to push, to help students understand concepts. (Kylie-16Oct14_4) 
She recalled using some data in the same unit the previous year, noting the potential to make more 
effective use this data: 
I think last year was the first year I used some of the data. I’m going to see if I can find some 
different statistics and see if we can put them forward and see which one is more accurate 
because students are like, “Well if they’re all dead, how do we know this happened? How do 
they compile this data if this happened 300 years ago?” And I was like, “I don’t know.” I will 
know this year … so there’s lots of questions about that and stuff like that and I think that 
would be useful. (Kylie_16Oct14_8) 
The questions Kylie was referring to are important for understanding contestability in history that arises 
from different interpretations of the same event, which can result from using of different sources of 
evidence or taking different perspectives. Contestability is closely aligned with adopting a critical 
orientation to support and challenge arguments (see Goos et al., 2014). 
The timeline was used in this lesson to promote student understanding of the Spanish conquest 
of the Americas; that is, there was a context. Kylie made explicit or implicit links to several of the key 
concepts for historical understanding (ACARA, 2014a) when she spoke about her use of the timeline 
and the data she was planning to use in the subsequent lesson. The body of the lesson was devoted to 
identifying key aspects of the lives of the four Spanish explorers. Her main numeracy focus for the 
lesson appeared to be utilising the warm up segment to address the numeracy demands of constructing 
a scaled timeline. She emphasised that measurement and scale (i.e., mathematical knowledge) were 
important aspects of this representational tool in the explicit instructions she gave (Figure 6.4). The 
task also has potential to help student develop confidence employing mathematics to help them 
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understand history (dispositions). Thus, four dimensions of numeracy seen in the Goos et al. (2014) 
numeracy model were evident in Kylie’s use of the timeline. 
Boundary objects (Star & Greisemer, 1989) that are shared across communities have meanings 
that are associated with their use in each community (Wenger, 1989; see Section 2.1.4). The boundary 
objects that Kylie employed have both a mathematical meaning and contextual meaning, arising from 
their use in mathematics and history, respectively. Kylie recognised that the mathematical meaning of 
the timeline along with its contextual meaning had potential to enable students to develop greater 
understanding of aspects of time, including duration and concurrency (Kylie_16Oct14_4); in other 
words, utilising the mathematical and contextual meaning of the timeline supported learning in history. 
Kylie paid explicit attention to the mathematical meaning of the timeline by attending to the way in 
which it was constructed, which included the use of labeling conventions, scale, and measurement 
(Figure 6.4). However, there were further opportunities for numeracy and history learning within this 
task. For example, the journeys of the Spanish explorers were listed as occurring in single years with 
no two years being the same so these events appeared on the timeline as discrete points. These journeys 
had duration of months, and some extended beyond a single year; other journeys were concurrent. 
Consequently, students were able to attend to sequencing of events but not duration and concurrency. It 
could be argued that Kylie’s understanding of the mathematical meaning of this boundary object was 
developing. See Section 6.5 for further discussion of the use of boundary objects to promote numeracy 
learning. 
6.2.4 Supporting Kylie to embed numeracy in history 
The analysis of Kylie’s identity as an embedder-of-numeracy presented in this section draws on 
data collected in the first year of the present study. For this reason, the analysis using the proposed 
adaption of Valsiner’s (1997) zone theory (see Section 4.3) represents her initial identity with respect to 
the timeframe of the study. 
Kylie’s zone of proximal development (ZPD) could be seen as including the possibility of 
developing her capabilities to effectively promote students’ numeracy learning through history; that is 
strengthening her identity as an embedder-of-numeracy. Her mathematical knowledge, developed as a 
result of her studies in mathematics at school and use of statistics in her university history courses, was 
probably adequate for the mathematics content encountered when teaching junior history classes. She 
expressed some confidence in her mathematical ability in this regard; even though she conceded that 
revising some mathematical content may be necessary (e.g., Kylie_4Sept13_13). Importantly, Kylie 
had a strong disciplinary background in history and was able to articulate how numeracy could support 
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learning in history (e.g., Kylie_4Sept13_12). Kylie’s beliefs about numeracy appeared to be changing 
(Kylie_4Sept13_10) and she seemed to be developing the ability to see numeracy in the history, even 
though she was more likely to do so in reflection on lessons rather than in planning for lessons 
(Kylie_8Nov13_2). 
Conversely, the way in which Kylie might develop could be constrained by limited pedagogical 
content knowledge for numeracy. There were few opportunities in her pre-service teacher education 
(Kylie_4Sept13_9) or since she graduated to develop this type of knowledge. Although Kylie provided 
evidence that she was able to recognise where numeracy could be used to enhance the learning of 
history, there were ways in which she could have made more extensive use of these numeracy learning 
opportunities; for example, in utilising the timeline in the first lesson vignette (see Section 6.2.3). 
Therefore, it was not surprising that Kylie identified pedagogical content knowledge to incorporate 
numeracy into her lessons without detracting from her main focus on history as her main numeracy-
related professional development need (Kylie_4Sept13_14). 
The zone of free movement/zone of promoted action (ZFM/ZPA) complex experienced by 
Kylie included factors that provided both affordances and constraints on her development. She was 
implementing the new history curriculum that promoted an across the curriculum approach to 
numeracy (ACARA, 2014a) in a school environment where the dominant discourse about literacy and 
numeracy seemed to be related to the national testing regime for literacy and numeracy (i.e., 
NAPLAN). In this setting literacy was seen as the responsibility of English teachers (Kylie_4Sept13_7) 
and, it could be argued by implication, numeracy was seen as the responsibility of the mathematics 
teachers. Furthermore, Kylie had limited access to technological resources (Kylie_4Sept13_5) and 
there was pressure on her to cover the content (Kylie_4Sept13_4). However, her participation in the 
Numeracy Project provided her with opportunities to broaden her personal conception of numeracy and 
investigate ways to effectively embed numeracy into her history lessons in ways likely to increase her 
pedagogical content knowledge for numeracy. 
This analysis suggests that there is considerable overlap when Kylie’s ZPD is considered 
alongside her ZFM/ZPA complex. She recognised that numeracy can enhance learning in history and 
she seemed to have both the expertise and confidence in using the inherent mathematics in junior 
secondary school history. Consequently, is does not seem unreasonable to suggest that Kylie’s ZPD 
was aligned with, and attuned her to the ideas presented in the Numeracy Project’s professional 
development activities. The remaining elements of her ZFM/ZPA complex did not actively promote an 
across the curriculum approach to numeracy but neither did they prevent her from embedding 
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numeracy into her history lessons. Although numeracy is identified as a general capability in the 
Australian Curriculum (ACARA, 2014a), there seems to be limited support for teachers in curriculum 
documents to assist them to identify numeracy learning opportunities (Goos, Dole, & Geiger, 2012). 
Additionally, responsibility for numeracy at Kylie’s school seemed to reside with mathematics teachers 
(Kylie_14Oct14_6). Kylie provided evidence that she could overcome constraints imposed by her ZFM 
to achieve her learning goals for students by re-structuring this zone. For example, there was pressure 
on Kylie to cover the content in history but it was also important for students to be able construct and 
interpret timelines. She was able to manage these competing demands by utilising the warm up 
segment of one of the observed lessons to create time to attend to some of the numeracy demands of 
constructing a timeline (see Section 6.1). By attending to numeracy in this way she did not lose the 
focus on learning in history, which was a concern of hers (Kylie_4Sept13_12), because constructing 
and interpreting timelines was important historical skill that students had difficulty with 
(Kylie_8Nov13_3). 
In the absence of any further intervention or changes to her ZFM/ZPA complex, it could be 
argued that Kylie is on a trajectory towards a teacher identity where she has greater capacity to embed 
numeracy in history. Assisting her to identify numeracy learning opportunities in the history curriculum 
and design appropriate tasks is likely to speed up her development. 
6.2.5 The trajectory of Kylie’s identity as an embedder-of-numeracy 
The analysis of Kylie’s identity as an embedder-of-numeracy presented in this section draws on 
data collected in the second year of the study. Comparing her later identity with her earlier identity 
presented in the previous section, illustrates how the proposed adaptation of Valsiner’s (1997) zone 
theory (see Section 4.3) could be used to understand possible trajectories of a teacher’s identity as an 
embedder-of-numeracy. 
There was evidence of a change in Kylie’s practice in the second year of the study (see Section 
6.2.3), suggesting that her identity-as-an-embedder-of-numeracy had strengthened. This development 
appeared to be canalised by the zone of free movement/zone of promoted action (ZFM/ZPA) complex 
she experienced. The Numeracy Project seemed to have been influential in raising her awareness of 
numeracy in history (Kylie_16Oct14_1) and she considered scale in addition to sequence when 
representing historical events on a timeline: only sequencing of historical events is identified in the 
Australian Curriculum (ACARA, 2014a). Thus, it could be argued that her beliefs had changed and her 
pedagogical content knowledge for numeracy had increased, with consequent changes to her classroom 
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practice. These changes could be seen as opening up more ways in which she could develop; that is, 
contributing to an expansion in her zone of proximal development (ZPD). 
Other changes evident in some of the factors contributing to Kylie’s ZPD included more 
confidence in dealing with mathematical aspects in her lessons (Kylie_3Jun14_1) and increased 
recognition of the importance of numeracy, now considering it as important as literacy 
(Kylie_14Oct14_9). Kylie also indicated lack of confidence in using technology in her teaching 
(Kylie_14Oct14_4); thus suggesting an area for future support. There did not seem to be much change 
over the course of the study to other factors that contributed to her ZPD. As she had done earlier in the 
study, Kylie was able to describe how numeracy could be used to assist students to understand 
historical concepts (Kylie_14Oct14_13), thus she continued to see a place for numeracy in history. 
While she did not engage in any further formal mathematics learning, her increased confidence in her 
mathematical knowledge may be the result of being more familiar with the mathematics she was using 
in her history lessons and could indicate increased mathematical content knowledge. 
There did not appear to be any significant changes to elements of Kylie’s ZFM/ZPA complex in 
the second year of the study that would impact on how she was able to promote numeracy learning 
through history. Kylie continued to participate in the Numeracy Project and reported that she would 
like to see a reduction in the history content to allow greater emphasis on historical skills 
(Kylie_14Oct14_2). Additionally, as she had done in the first year of the study, Kylie used the warm up 
phase of a lesson to overtly focus on constructing timelines, thus finding a way to manage the 
competing demands of covering the content and taking time to attend to an important historical skill. 
The availability of computer technology was still limited in the second year of the study 
(Kylie_14Oct14_4) but Kylie also identified the need to gain access to resources not usually associated 
with teaching history (Kylie_RT_3Dec14_2). 
When Kylie’s identity as an embedder-of-numeracy towards the end of the study is compared 
with that of the previous year it could be argued that this identity has strengthened. When analysed in 
terms of Valsiner’s (1997) three zones, there appears to be increased overlap when her ZPD was 
mapped onto her ZFM/ZPA complex Her pedagogical content knowledge seemed to have increased 
and her beliefs about numeracy had changed, with consequent changes to her classroom practice. Some 
of these changes could be attributed to her growing experience as a history teacher but it could be 
argued that the Numeracy Project (as part of her ZPA) influenced the direction of this development. 
Kylie’s ZPD and ZFM/ZPA complex for both years are summarised in Table 6.1 and Table 6.2, 
respectively. 
 150 
Chapter 6 Teacher trajectories and boundary objects 
Table 6.1 
Summary of Factors That Contribute to Kylie’s Zone of Proximal Development  
Zone of proximal 
development (ZPD) 
Year 1 Year 2 
Beliefs about numeracy   
Personal conception of 
numeracy 
“they’ll cover that in maths” 
(Kylie_4Sept13_10) 
“numeracy is on a par with 
literacy”  
(Kylie_14Oct14_9) 
Place of numeracy in 
subject 
“how can I adequately 
incorporate numeracy without 
losing the focus on history” 
(Kylie_4Sept13_12) 
“increase in recognising how 
much numeracy there is”  
(Kylie_3Jun14_1) 
Connection between 
numeracy and 
understanding subject 
concepts 
Understanding the impact of the 
Black Plague  
(Kylie_4Sept13_12) 
Understanding the concept of 
time (Kylie_14Oct14_12) 
Mathematical content 
knowledge (MCK) 
  
Had opportunities to learn 
the mathematics inherent in 
the subject 
Used mathematical knowledge in 
tertiary history courses 
No further formal opportunities 
Confidence with 
mathematics 
“I can probably do it”  
(Kylie_4Sept13_11) 
“I would have freaked out at the 
thought of doing maths”  
(Kylie_3June14_1) 
Curriculum Knowledge (CK)   
Able to identify a 
numeracy learning 
opportunity 
Yes Yes 
Subject Knowledge   
Had opportunities to learn 
about subject 
Yes No further formal opportunities 
Pedagogical Content 
Knowledge (PCK) 
  
Fully exploited the 
numeracy learning 
opportunity  
Treatment of timelines in Spanish 
conquest of the Americas 
(November 2013) 
Treatment of timelines in Spanish 
conquest of the Americas 
(October 2014) 
Had opportunities to 
develop PCK for numeracy  
No Yes (Numeracy Project) 
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Table 6.2 
Summary of Factors That Contribute to Kylie’s Zone of Free Movement/Zone of Promoted Action 
(ZFM/ZPA) Complex 
Zone Year 1 Year 2 
Zone of free movement 
(ZFM) 
  
Perception of numeracy of 
colleagues “feel that numeracy applies to 
maths” (Kylie_4Sept13_1) 
“numeracy is still regulated to 
maths subjects”  
(Kylie_RT_3Dec14_1) 
Opportunities for 
interactions with 
colleagues 
Not in staffroom with history 
teachers Not in staffroom with history 
teachers 
Perception of student 
capabilities 
Not mentioned Not mentioned 
Structure of the school day 
(Explicit teaching model) 
Used warm up for numeracy Used warm up for numeracy 
Access to appropriate 
resources 
One fee computer lab … four 
classes  
(Kylie_4Sept13_5) 
Calculators, rulers, graph paper” 
(Kylie_RT_3Dec14_2) 
National numeracy testing 
(NAPLAN) 
Focus to “prepare students for 
NAPLAN”  
(Kylie_4Sept13_7) 
“NAPLAN data … see the results 
(Kylie_14Oct14_5) 
Zone of promoted action 
(ZPA) 
  
Other professional learning No No 
Participation in the Numeracy 
Project 
Yes Yes 
6.3 Erica: An Early Career History Teacher 
Erica was in her fourth year of teaching when the present study began. She employed a 
timeline, during one of the observed lessons, in a way that contrasts with Kylie’s use of a timeline in 
the second vignette presented in Section 6.2.3. For this reason, her case contributes to understanding 
how the use of boundary objects (Star & Greisemer, 1989) can enhance both numeracy and subject 
learning. 
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6.3.1 Professional context 
Erica had been at Regional High School since she graduated. She taught Grade 9 History and 
English but, unlike Kylie who had the same class for both subjects, the class groups were different. She 
was unaware if the school had a numeracy policy: “it’s not something that’s made obvious. Like it’s 
something, just one of those teacher things that you should just do and know” (Erica_4Sept13_3). One 
interpretation of this comment could be that while Erica saw knowing about and implementing school 
policies as a responsibility of each teacher, she saw no immediate imperative to do so in the case of a 
numeracy policy. Erica was located in a staffroom with Humanities and Physical Education teachers. 
She did not believe that these colleagues saw numeracy as the responsibility of mathematics teachers 
because “everyone realises that kids need to know your basic, your basic stuff” (Erica_4Sept13_4). 
6.3.2 Background 
Erica completed a Bachelor of Education, with teaching areas in History and Aboriginal Studies 
(a subject about the experiences of Indigenous Australians), at a metropolitan university. There were no 
courses in her pre-service teacher education that focused on numeracy across the curriculum, although 
she was required to complete a mathematics subject: “We looked at mathematics because you should 
have a basic understanding of maths if you are going to be a teacher” (Erica_4Sept13_5). Prior to her 
involvement in the Numeracy Project (see Section 3.3.2), Erica had not participated in any formal 
professional development related to numeracy. In addition to participating in the professional 
development workshops and interacting with researchers and teachers from other schools, the project 
provided increased opportunities for her to share ideas with Kylie, who also taught history (see Section 
6.2): although these two teachers were at the same school, they were located in different staffrooms. 
Aboriginal Studies was not offered at Regional High School so Erica’s teaching load consisted 
of junior (Grade 8 and Grade 9) history and English classes. She found the new history curriculum 
(ACARA, 2014a) crowded, describing it as: “Packed, very packed. I’m finding it really hard not to be 
tokenistic … The amount of things kids should know before they can make judgements and 
assumptions. Their assessments, it’s very hard to pack it all in” (Erica_4Sept13_6). Her view about the 
crowded nature of the history curriculum was reiterated later in the study, although this time she 
qualified her remarks by acknowledging that it would take time for her and her colleagues to become 
familiar with the new curriculum: 
I actually find it quite superficial to be going through this quickly and not being able to, like, 
we’re trying to smash out content, the main ideas, without getting kids to do the deeper learning 
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but like I said because it is a new curriculum, we’re still sort of getting our head around it. 
(Erica_8Nov13_1) 
Despite the pressure to cover content, Erica believed that there was a place for numeracy in 
history: “History lends itself to numbers. You can’t say just ’cause, you need to justify your reasoning 
and generally facts and evidence, a bit like numbers, prove your point” (Erica_4Sept13_7). However, 
she felt that students equated numeracy with mathematics and national numeracy testing (NAPLAN) 
and did not necessarily see numeracy in history, mimicking students to make this point: “We don’t do 
numbers in history. What are timelines again? Oh yeah, that’s right, we use dates and numbers. We use 
dates and numbers in history all the time” (Erica_4Sept13_8). 
Erica recognised the pervasive nature of numeracy: “Numbers, like words, are everywhere and 
you use them in every part of your life, so if you are aware of that then you might make more of an 
effort to incorporate them” (Erica_4Sept13_9). Her personal conception of numeracy, when expressed 
in this way, seemed mainly focused on mathematical knowledge (especially number) with some 
connection to real world contexts, only two of the dimensions of numeracy seen in the numeracy model 
developed by Goos et al. (2014), even though she hinted at the importance of dispositions in the second 
part of the comment. Erica acknowledged the importance of providing evidence to justify historical 
interpretations (see Erica_4Sept13_7), the critical orientation dimension of numeracy, but seemingly 
limited this to the use of number; suggesting a personal conception of numeracy aligned with the use of 
basic mathematical skills. Erica provided further evidence of this viewpoint when she described her 
numeracy knowledge: 
I was quite strong in maths when I was in high school. I learned it pretty good … I can do basic 
adding up, times tables just top, top of my head. Like I can notice that not a lot of adults can 
generally do that. (Erica_8Nov13_2). 
According to Erica, the Numeracy Project made her more aware of numeracy in history, but she 
saw her biggest challenge as learning how to identify where she could incorporate numeracy and how 
to make the most of those opportunities (i.e., curriculum and pedagogical content knowledge). She 
explained that: “just being aware of some of the opportunities … [and] having someone come in to 
teach those things explicitly to teachers would help move that process along faster” 
(Erica_4Sept13_10). 
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6.3.3 Promoting numeracy learning in history (September 2013) 
Erica was observed teaching Grade 9 history (three lessons) and English (three lessons) in the 
first year of the present study. The vignette presented in this section is from a lesson Erica taught in 
September 2013 in which she introduced a unit on early Australian history from the time of European 
settlement until the beginning of the First World War (ACARA, 2014a). The study of History in Grade 
9 covers the period from 1750 to 1918 and students had recently completed a unit on the Industrial 
Revolution (see Section 3.3.1 for further details). The vignette was chosen because Erica employed a 
timeline in a way that differed from how Kylie utilised the same boundary object (Star & Greisemer, 
1989; see Section 6.2.3). Erica had participated in two Numeracy Project workshops prior to the lesson. 
 The lesson began with Erica asking students if they knew when the British settled Australia. 
When no student responded to her question, she gave a brief overview of the content to be covered in 
forthcoming unit. She then displayed timeline showing selected historical events from 1770 until 1918, 
via a PowerPoint slide27, (see Figure 6.5). A brief whole class discussion about some of the events 
shown on the timeline followed.  Erica asked students to copy the timeline into their books; however, 
she did not ask students to consider a scale for the timeline. 
Erica’s rationale for using the timeline was to help student understand historical concepts 
including cause and effect (ACARA, 2014a): 
Kids need to see how things progressed. Also because it almost directly leads on from what 
they were learning previously, so they learnt all about the Industrial Revolution. At the end of 
the Industrial Revolution they looked at ending slavery so it sort of let them see where it fitted 
where they, where their previous knowledge fits in with the new stuff. Just so they get a visual 
representation, “Oh okay, I know slavery was abolished here”. (Erica_4Sept13_11) 
Exposing students to the timeline placed world events in chronological order. However, the rich 
potential of a using a scaled timeline to develop understanding of the chronological conventions and 
temporal concepts that Blow et al. (2012) claimed are essential for conceptual understanding in history 
was missed. The unscaled timeline provided limited opportunity for students to appreciate the time 
between or duration of events; that is, to fully appreciate connections between the events of the 
previous unit and those of the new unit. In addition to a context within the history curriculum, other 
dimensions of numeracy seen in the numeracy model of Goos et al. (2014) evident in the task were 
27 The timeline was recreated from field notes. 
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incomplete mathematical knowledge (chronological order without consideration of scale) and use of a 
representational tool (timeline) to mediate thinking about the order in which historical events occurred. 
 
Figure 6.5 Timeline showing selected historical events from 1770 to 1918 Reprinted from 
“Supporting teachers to embed numeracy across the curriculum: A sociocultural approach” 
by A. Bennison, 2015, ZDM Mathematics Education, 47, p. 570. Copyright by 2015 by 
Springer. Reprinted with permission. 
Erica’s use of the timeline can also be analysed in the same way as Kylie’s use of this boundary 
object (Star & Greisemer, 1989) in the second year of the study (see Section 6.2.3). By asking students 
to copy the timeline into their books without mentioning the need for a scale, Erica attended only to the 
contextual meaning of this boundary object; the timeline places world events in chronological order but 
does little else. Although Erica reported using the timeline because she wanted students to make 
connections with other topics they had studied (Erica_4Sept13_11), several opportunities were missed 
to increase historical understanding. For example, a scaled timeline (i.e., one that included a 
mathematical meaning) where the duration of events was portrayed would have shown that the 
American Revolution took place over twice as many years as the First World War. 
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6.3.4 Erica’s identity as an embedder-of-numeracy 
Erica was qualified to teach history and had studied some mathematics at university 
(Erica_4Sept13_5) (Life History Domain). Consequently, her knowledge of mathematics appeared to 
be adequate for promoting numeracy learning in history. Erica had few opportunities to develop her 
pedagogical content knowledge for numeracy and recognised that she needed to further develop this 
type of knowledge (Erica_4Sept13_10) (Knowledge Domain). Her espoused personal conception of 
numeracy seemed limited to a focus on basic mathematical skills (Erica_8Nov13_2), and so Erica 
could be considered to have a narrow personal conception of numeracy. However, other dimensions of 
numeracy were evident in her use of the timeline (see Section 6.3.3) and she was able to identify 
connections between numeracy and learning in history (Erica_4Sept13_7) (Affective Domain). Erica 
had limited chances to work with Kylie who may have been able to help her to embed numeracy in her 
history lessons. The Numeracy Project may have assisted her in this regard but the approach taken to 
professional development in this project was not in the way Erica preferred. She seemed to want to be 
told where numeracy learning opportunities existed and be given appropriate tasks, rather than being 
prepared to seek these opportunities for herself (Erica_4Sept13_10) (Social Domain). A possible 
explanation for this desire may be the constraints she felt due to pressure to cover the content 
(Erica_8Nov13_1). From this perspective, numeracy could be seen as something extra to be fitted in 
rather than a way of enhancing learning in history. Consequently, her perceived need to cover content 
might inhibit her from taking the opportunity to exploit numeracy learning opportunities she identifies 
(Context Domain). 
6.4 Barbara: An Experienced Mathematics Teacher 
Barbara was a mathematics teacher who had been teaching for over twenty-five years when the 
present study began. She had been at Regional High school for five years and was observed teaching 
mathematics and science. Her case contributes to understanding the use of boundary objects (Star & 
Greisemer, 1989; see Section 2.1.4) to promote numeracy learning. She seemed to focus on the 
mathematical meaning of graphs when she asked students to represent observational data graphically. 
Her approach to this boundary object contrasts with Erica’s focus on the contextual meaning of 
timelines (see Section 6.3.3). 
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6.4.1 Professional context 
Barbara was located in a staffroom with Mathematics, Manual Arts, and learning support 
teachers, but not science teachers. For this reason, her opportunities to work collaboratively with others 
teaching science were limited to regularly scheduled staff meetings. For example, she attended weekly 
meetings with other teachers when she was teaching Grade 8 Science in the first year of the study: “In 
science we have a weekly meeting where all the [Grade] 8 science teachers touch base, so that’s good 
there” (Barbara_4Sept13_1). She did not provide any information on what happened during these 
meetings or if she attended similar meetings when she was teaching Grade 9 and Grade 10 science in 
the following year. 
The school perspective on numeracy seemed to be dominated by the need for students to 
perform well on national numeracy tests (NAPLAN). For example, Barbara described how her Grade 9 
Science class prepared for NAPLAN in the lead up to the test: 
They [her Grade 9 Science class] were getting it [questions from past NAPLAN tests] in their 
maths classes, then they were getting it in learning skills, and then we [other teachers] were all 
putting it in our warm-ups at the beginning of every [lesson] (Barbara_3Jun14_1). 
The availability of appropriate technology appeared to be variable for science classes. About 
half the students in Barbara’s Grade 8 science class in the first year of the study had access to personal 
laptops, which was sufficient for the task she was planning to use in one of the observed lessons: “It 
[the school laptop hire scheme] was a by choice program. So I’d say in that group, 40% at this stage 
probably do, 40-50%, so that’ll be enough (Barbara_8Nov13_1). However, difficulty in gaining access 
to a computer laboratory impacted on her planning for her Grade 10 science class the following year: “I 
was thinking about access to laptops and the fact that I couldn’t without changing rooms and then I 
didn’t want to change rooms because they become very unsettled. It wastes too much time” 
(Barbara_16Oct14_1). 
6.4.2 Background  
Barbara’s initial teaching qualification was a 3-year Diploma of Teaching with studies in 
mathematics, economics, and religion that she completed at a Teachers’ College28 in a large 
metropolitan city. After teaching for a year she moved to another metropolitan city where she stayed 
28Teachers’ Colleges were institutions devoted to the training of teachers that that became part of 
universities in the 1990s. 
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for ten years. During this time she completed a Bachelor of Education as a part-time student. Barbara 
subsequently taught mathematics and religious education in a provincial mining area for ten years, and 
then moved to Regional High School. Both her teaching qualifications were completed before 
numeracy became a national priority (DETYA, 2000); not surprisingly, she could not recall any 
consideration of numeracy in these programs. 
There had been opportunities in the past for Barbara to participate in professional development 
activities related to literacy but she seemed to equate professional development for numeracy with that 
for mathematics: 
Literacy and numeracy, mainly literacy … there would be lots of PD [professional 
development] I would have done I would’ve thought, from using graphics calculators and 
spreadsheets, you name it, as part of my maths role. (Barbara_4Sept13_2) 
The way in which Barbara saw numeracy appeared to be changing, possibly as a result of her 
participation in the Numeracy Project (see Section 3.3.2). Her personal conception of numeracy had 
been focused on mathematical competency but had expanded to include the critical use of mathematics 
in real world contexts: 
I would have been much more narrow and said numeracy was basically can you do maths? Can 
you pass a competency test? And I wouldn’t have added in the reflective, the critical, the real 
life, the making sense of our world. So I think it’s [the Numeracy Project] broadened my 
understanding of what it really is to be numerate. (Barbara_8Nov13_2) 
Referring to her role as a mathematics teacher, she identified the importance of promoting positive 
dispositions towards mathematics: “We’ve got to have children where they’re ready to take a risk. 
Ready to be wrong and not frightened of it” (Barbara_16Oct14_3). Taken together, these comments 
suggest that Barbara appeared to be developing a richer personal conception of numeracy. 
Neither of Barbara’s teaching qualifications provided opportunities for her to develop the 
knowledge needed for teaching science. Nevertheless, in the space of an 18-month period she was 
required to teach science at three different grade levels. Being expected to promote numeracy learning 
in science provided her with the additional challenge of needing to identify numeracy learning 
opportunities and design tasks that also enhance science learning, while at the same time developing 
the knowledge needed for teaching science. 
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When asked about numeracy in science towards the end of the present study, Barbara only 
referred to mathematical knowledge and tools: “I’d say it’s graphing and tables, statistics [pause] 
equation solving when you do a bit of chemistry” (Barbara_16Oct14_2). One possible reason for this 
response may have been that she was able to readily identify the mathematical aspects within the 
lessons she had taught. However, Barbara was able to identify numeracy in some of the science topics 
she had taught. For example, the importance of scale when using a microscope: 
What’s the rate we’re zooming in at and the scale, so and when they’ve drawn pictures of cells 
under the, you know, so there has to be some perspective there on what scale they, what 
zooming factor they were using. So I guess there have been things but I haven’t consciously 
introduced them. They’re already there. (Barbara_8Nov13_3) 
Barbara was confident that she could deal with the mathematics she was likely to encounter 
when teaching science, but not as sure that she could make connections between numeracy and science 
because of her limited knowledge of science: 
I’m not science trained, so, I mean I’m comfortable with the maths more than the science 
content, so maybe I’m not seeing the links as much as somebody trained in science would 
because I don’t know the content beyond that curriculum that I’m studying to deliver. 
(Barbara_8Nov13_4)  
When asked to clarify how her lack of subject knowledge influenced her capacity to embed numeracy 
in science, she conceded that it might prevent her from seeing the full extent of numeracy learning 
opportunities that would readily be seen by experienced science teachers: 
I don’t believe I’m picking up the opportunities that could be there simply because I don’t know 
the content. Um so, where somebody who’s been teaching it [science] for years and years and 
years might say, “Oh that’s a perfect time to bring in that graph or that table and analyse that ... 
It’s just knowing that it’s there. (Barbra_8Nov13_5) 
Not surprisingly, Barbara identified her greatest need in relation to promoting numeracy learning in 
science as assistance in being able to identify where and how numeracy could be embedded into this 
subject: 
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I think if there was PD [professional development] it would be more on being aware of 
opportunities, so if somebody was to say, “Oh, numeracy in science, here are some great ideas 
you can use.” That sort of PD would be really helpful. (Barbara_4Sept13_3) 
Towards the end of the study, Barbara acknowledged that she was now more aware of the numeracy in 
subjects across the curriculum: “I think there’s far more there and it’s, when you have it at the front of 
your mind it’s amazing how many explicit links you can make” (Barbara_16Oct14_4). 
6.4.3 Promoting numeracy learning in science (June 2014) 
Barbara was observed teaching Grade 8 mathematics (six lessons with an extension class and a 
single lesson with a small group of students in her role as Numeracy Coach) and Grades 8, 9, and 10 
science (five lessons). The vignette presented in this section is from a lesson that Barbara taught in June 
2014 that was part of a Grade 9 unit on Biological Science in which students investigated the 
relationship between abiotic and biotic components of ecosystems (ACARA, 2014a). The numeracy 
demands identified by the numeracy icon in the relevant content description and elaboration are 
estimating and calculating with whole numbers (see Section 3.3.1 for further information). 
The activity for the lesson was a virtual fieldtrip that involved collecting data from five 
sampling sites in a wetland and representing these data graphically. Barbara provided some initial 
instructions then students launched the Exploring Wetlands29 activity. Students collected samples from 
each site by clicking on the appropriate tool (e.g., a net to sample for macroinvertebrates). These data 
were recorded as field notes that included a description of the site, abiotic measurements (pH, dissolved 
oxygen, turbidity, and temperature), and macroinvertebrate and aquatic plant species present. Students 
spent most of the lesson collecting and recording data. Towards the end of the lesson Barbara asked 
students how they could represent the data they had collected. Following a very brief discussion of 
possible graph types, Barbara provided students with a number of rules for graphing in Biology. These 
rules were written as she would have presented them to a mathematics class and were displayed on two 
PowerPoint slides (see Figure 6.6 for the second of these slides). Barbara did not attempt to connect 
these rules to the data students had just collected; seemingly focusing only on the mathematical 
meaning of this boundary object (Star & Greisemer, 1989; see Section 2.1.4 and Section 6.5 for further 
discussion of boundary objects). This decision may have been due to time constraints or because she 
expected students to be able to make the connections for themselves. 
29 Exploring Wetlands is no longer located at the URL used by Barbara to access the activity. 
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The lesson preceded a field trip that was part of the culminating task for the unit in which 
students collected, recorded, and analysed data collected during a field trip to a local waterway. 
Barbara used the Exploring Wetlands activity to give students some experience in constructing graphs 
from tables of data prior to the field trip the following week: 
They have to, in their assessment coming up, do a field study, identify the ecosystem, analyse 
data, tabulate and graph data and then have a look at the human impact. I thought, well, of 
doing it virtually first would be a good, safe way to introduce them to that. (Barbara_3Jun14_2) 
 
Figure 6.6 Barbara’s rules for graphing in Biology (Slide 2) 
Barbara was able to link the activity to understanding the impact of human activity on 
ecosystems (Science Understanding): 
Then I was thinking when they got back, and they had a look at their data, their graphs, and the 
organisms that lived in each environment, that they would then interpret and analyse. So that 
sort of critical reflection. So for example, at the site where the farm and tractor is, there’s a lot 
less organisms, so will they be able to infer from that, is it possible chemical leach, or is there – 
I’m looking for that sort of analysis of the data. The pH of course, and the number of 
organisms, or what type, is a direct link. (Barbara_3Jun14_4) 
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However, her primary goal for the lesson was for student to represent the data graphically. Thus, it 
could be argued that the lesson was targeted at developing Science Inquiry Skills in isolation, rather 
than in an integrated way as intended in the curriculum: 
We collected data.  It took forever. It took forever for some students to draw a table and that 
wasn’t because they couldn’t do it, they just weren’t engaged in the activity, clearly. Um by the 
time they had their table filled in, [short pause] I think if I ever did that again I wouldn’t try and 
do that and graphing in the one lesson, because they didn’t have the energy or the focus, or I 
didn’t, but it was too late then to try and make any crucial points about graphing, which is what 
the whole lesson was actually about … So the next lesson … let’s look at the data we collected, 
how would you present it? What scale would you choose? Why? Scale? And then practice 
doing that. (Barbara_3Jun14_3) 
Several dimensions of numeracy seen in Goos et al.’s (2014) numeracy model were evident in 
this activity. Students tabulated and graphically represented the data they collected in the virtual field 
trip (representational tools) and made inferences (critical orientation) about the environmental impact 
of human activity on water quality (context). However, Barbara wanted students to develop the 
mathematical knowledge required to construct graphs from the data, rather than use graphs to mediate 
thinking about the situation; thus the opportunities for students to apply a critical orientation were 
limited by the time spent collecting the data. Furthermore, from a science perspective, there was no 
apparent purpose for constructing the graphs that would encourage students to employ a mathematical 
approach to the data; in other words, foster dispositions towards using mathematics in the situation. 
Posing some questions about the ecosystem at the beginning of the lesson would have given students a 
reason for constructing the graphs and may have helped them to engage with the task. Perhaps Barbara 
did not see this option because of her limited understanding of the discipline of science or because, as a 
mathematics teacher, she chose to emphasise the technical skills of graphing. 
6.4.4 Barbara’s identity as an embedder-of-numeracy 
Barbara was an experienced mathematics teacher who was qualified to teach mathematics but 
not science (Life History Domain). Her educational background and extensive experience teaching 
mathematics indicate that she had the expertise for the mathematics she is likely to encounter when 
teaching science. There had been few opportunities for her to develop the knowledge needed for 
teaching science. As a result, her science content (Barbara_8Nov13_4), pedagogical 
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(Barbara_4Sept13_5), and curriculum knowledge (Barbara_8Nov13_5) may inhibit her from 
embedding numeracy in science (Knowledge Domain). Even though Barbara could see where 
numeracy was important for scientific understanding (Barbara_8Nov13_3), she was aware that there 
might be other opportunities she may not identify (Barbara_8Nov13_4). Barbara recalled that her 
personal conception of numeracy had been very narrow at the start of the study but this had become 
somewhat richer as the study progressed (Barbara_8Nov13_2) (Affective Domain). Despite teaching 
out of field, she was expected to teach across a range of grade levels with few opportunities to work 
with qualified science teachers. It could be argued that, for Barbara as an out-of-field teacher, such 
interactions are essential to assist her to teach science, let alone identify numeracy learning 
opportunities in the new curriculum (Social Domain). The rich conception of numeracy and 
pedagogical approaches promoted by Numeracy Project seemed to be in conflict the school view of 
numeracy as NAPLAN (Barbara_3Jun14_1). Furthermore, Barbara’s access to computer technology 
for students’ use depended on the class she was teaching, and so could limit her use of these digital 
tools (Barbara16Oct14_1). 
6.5 Chapter Summary and Conclusions 
A key aspect of a teacher’s identity is that it changes over time (Wenger, 1988). One of the 
reasons for employing an adaptation of Valsiner’s (1997) zone theory in the present study was that it 
allows the dynamic nature of teacher identity to be captured (see Section 2.3.3). The case of Kylie 
allows preliminary exploration of how this theoretical framework could be used to trace possible 
trajectories of a teacher’s identity as an embedder-of-numeracy. The findings presented in this chapter 
also allow exploration of the use of boundary objects (Star & Greisemer, 1989; see Section 2.1.4) to 
promote numeracy learning. 
Kylie’s case illustrates how the framework for identity as an embedder-of-numeracy and the 
adaptation of Valsiner’s (1997) zone theory (i.e., the approach proposed in Chapter 4) could be used to 
understand how this identity might develop over time; thus building on the findings presented in the 
previous chapter and further addressing the two research questions for the study (see Section 1.2). 
Analysis of Kylie’s identity as an embedder-of-numeracy towards the end of the first year of the 
study revealed that strengthening this identity was within the set of possible ways in which she might 
develop; in other words, within her zone of proximal development (ZPD). Some constraints, such as 
pressure to cover content and access to appropriate resources, were identified within her zone of free 
movement (ZFM). The teaching approaches advocated by the Numeracy Project were aligned with an 
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across the curriculum approach to numeracy; her zone of promoted action (ZPA). Based on this 
analysis, it could be argued that the interaction between her ZPD and ZFM/ZPA complex could 
canalise her development towards a stronger identity as an embedder-of-numeracy, provided she is able 
to overcome the constraints imposed by her ZFM. Changes in her stated beliefs about numeracy and 
classroom practice in the second year of the study provide evidence that strengthening of her identity 
did in fact take place. 
Some teachers who participate in professional development change their beliefs and practices; 
yet others do not. Therefore, the question is: why might Kylie’s identity as an embedder-of-numeracy 
have strengthened? It could be argued that, as an early career teacher, Kylie held beliefs that were 
malleable compared to the relatively fixed beliefs of some more experienced teachers. Another possible 
explanation is that her strong disciplinary background in history allowed her to identify how numeracy 
might enhance learning in this subject. Consequently, there was motivation for her to change her 
practices as a result of productive tensions (Goos, 2013) between seeing new ways to enrich her 
teaching of history and the constraints imposed by her professional context (i.e., within her ZFM/ZPA 
complex). She appeared to have found a way to overcome some of these constraints, for example, by 
utilising the warm up segment of the explicit teaching model (see Section 6.1) to give her time to attend 
explicitly to the numeracy learning opportunity provided by timelines in a way that assisted students 
understand the concept of time. 
Kylie, Erica and Barbara were able to identify numeracy learning opportunities in the subjects 
they were teaching. However, it could be argued that there were ways in which they could have used 
these tasks more effectively. One of the difficulties encountered by some of the teachers involved their 
use of representational tools that could be considered as boundary objects (Star & Greisemer, 1989). 
These artefacts exist in the practices of two or more communities, understood here as the practices 
within subjects across the curriculum and mathematics, and can be seen as having a contextual meaning 
and a mathematical meaning (see Section 2.1.4). 
Understanding of both chronological conventions (sequencing) and temporal concepts 
(including duration and concurrency) is needed if students are to think about the past as having 
structure and direction (Blow et al., 2012). A timeline is boundary object commonly used in history 
classes to display the location in time of events of the past: the contextual meaning. The mathematical 
meaning associated with this artefact is a number line. The location and order of numbers, intervals, 
and intersection between two or more intervals can be represented on number lines: corresponding to 
the historical concepts of sequence, duration, and concurrency, respectively. The mathematical 
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meaning of this artefact also includes scale and proportion that, if used on a timeline, could enable 
students to develop a richer understanding of the concept of time along with the historical concepts of 
causation and continuity and change. Erica and Kylie both used timelines during the empirical phase of 
the study (see Section 6.2.3 and Section 6.3.3), but in different ways. 
Attending to both the mathematical meaning and contextual meaning of timelines has potential 
to contribute to historical understanding as well as promoting the development of students’ numeracy 
capabilities. Erica located events in chronological order, following the requirements of the Australian 
Curriculum (2014a), which only refers to sequencing of events. Kylie’s first lesson had potential to 
give students some sense of time between events, which was made more concrete with her explicit 
attention to scale in the second lesson. The next step would be to include representing events that had 
duration or were concurrent: the former was possible with the events portrayed in Erica’s timeline (see 
Figure 6.5). It could be argued that the way in which Karen and Erica utilised a timeline represent a 
continuum from attention to a mainly contextual meaning of timelines to a balance between the 
contextual and mathematical meanings. Although the boundary object in Barbara’s lesson was a graph 
(see Section 6.4.3) rather than a timeline, her use of this artefact provides an example at the other end 
of the continuum from Erica’s use of the timeline. For Barbara, graphs in Biology seemed to have a 
predominately mathematical meaning, which may reduce the potential of this boundary object to 
enhance learning in science. 
Analyses of the cases presented in the chapter contribute to further examination of the 
framework for identity as an embedder-of-numeracy. No additional factors were added to the 
framework as a result of these case studies, rather they lend support to the findings presented in the 
previous chapter. The next, and final, chapter draws on the findings from this chapter and Chapter 5 to 
re-examine and evaluate the approach proposed in Chapter 4. Identifying some of the challenges for 
out-of-field teachers in promoting numeracy learning in contexts where numeracy is seen as part of all 
subjects (e.g., Australia) was an unanticipated outcome of the study and is discussed in the following 
chapter. 
.
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Chapter 7  
Discussion and Conclusion 
The present study sought to identify ways to support teachers to promote numeracy learning 
across the curriculum. Numeracy is important for both individuals and countries in an increasingly 
globalised world (e.g., OECD, 2013; see Section 1.1). While numeracy capabilities continue to develop 
beyond school; there is an important role for schools in equipping students with the knowledge and 
dispositions to cope with the mathematical demands of life in the 21st century. 
There is no single internationally accepted term to describe an individual’s capacity to cope 
with the mathematics that is encountered at work, at home, and in the community; and what is meant 
by numeracy (the term used in this thesis) varies across countries. For this reason, the first task in the 
present study was to provide a reference point for the way in which numeracy was interpreted. The 
numeracy model developed by Goos and colleagues (Goos et al., 2014) was chosen for this purpose 
because it encapsulates five dimensions of numeracy that are seen in many of the recent definitions of 
numeracy and related terms (e.g., OECD, 2014; see Section 2.1.1). 
Approaches taken in schools to improve students’ numeracy capabilities fall into three 
categories: mathematics subjects (including specialised subjects such as Mathematical Literacy in 
South Africa), interdisciplinary enquiry, and taking advantage of opportunities that exist in subjects 
across the curriculum (see Section 2.1.2). The third approach utilises subjects other than mathematics 
to provide meaningful contexts for students’ numeracy development; consistent with the view that the 
context in which mathematics is used is the central dimension of numeracy (Steen, 2001). This is the 
approach taken in Australia, where numeracy is seen as the responsibility of all teachers (AITSL, 2012) 
and as a part of all school subjects (ACARA, 2014a). However, promoting numeracy learning across 
the curriculum requires teachers to identify numeracy learning opportunities in curriculum documents, 
design appropriate tasks, and implement these tasks in their classrooms. Furthermore, teachers of 
subjects other than mathematics may need to change their practices, but it could be argued they are 
unlikely to do so unless there is a reason beyond changes to the mandated curriculum. Although there is 
evidence that numeracy enhances subject learning, such evidence is scant (see Section 2.1.3). 
Previous research has investigated professional development interventions to support teachers 
to promote numeracy learning in non-mathematics subjects (e.g., Ferme, 2015; Goos et al., 2014). 
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However, these studies have tended to focus on the effectiveness of the interventions without 
considering how teachers’ knowledge and affective attributes, social, and environmental factors shape 
the way in which they respond to the ideas promoted through these interventions. In contrast, the 
present study employs teacher identity as an analytic lens: to identify factors that might contribute to 
the ways in which teachers promote numeracy learning; and to gain some understanding of how 
particular teacher identities are formed and might change over time (see Section 2.4). The study was 
conducted through a theoretical and an empirical phase in order to address two research questions. 
Drawing on the findings of both phases (presented in Chapter 4, Chapter 5, and Chapter 6), responses 
are given to each of these questions in turn in the first two sections of the chapter. The contribution that 
the study makes to existing knowledge is discussed next, followed by examination of the limitations of 
the study. The chapter concludes with suggestions for further research. 
7.1 Research Question 1: How Does a Teacher’s Identity Influence Her/his 
Capacity to Promote Numeracy Learning Across the Curriculum? 
One of the challenges for researchers employing teacher identity as an analytic lens is to capture 
the complexity of identity in a way that remains amenable to empirical research (Enyedy et al., 2005). 
Developing a framework for identity as an embedder-of-numeracy addresses this challenge for the 
present study, and provides a response to the first research question. This framework was proposed 
from a theoretical perspective (see Chapter 4) and utilised to guide the design of the subsequent 
empirical phase of the study. Findings from this second phase (see Chapter 5 and Chapter 6) are drawn 
on in this section to re-examine the two understandings about numeracy that underpin the framework 
and the framework itself. The section concludes with a response to Research Question 1. 
7.1.1 Understandings about numeracy underpinning the framework  
Two understandings about numeracy underpin the framework for identity as an embedder-of-
numeracy: (1) numeracy can usefully be conceptualised in terms of the five dimensions seen in the 
Goos et al. (2014) numeracy model (see Figure 2.1), and (2) exploiting numeracy learning 
opportunities across the curriculum is an effective way to enhance students’ numeracy capabilities (see 
Section 2.1.3). 
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Conception of numeracy 
The many definitions of numeracy (and the related constructs of mathematical literacy and 
quantitative literacy), especially more recent versions, such as that for PISA 2015 (OECD, 2014; see 
Section 2.1) go well beyond the often-expressed view that numeracy involves basic mathematics skills. 
The numeracy model developed by Goos and colleagues (2014; see Figure 2.1) captures this richer 
conception of numeracy and some of the complexity of numeracy in five dimensions: mathematical 
knowledge, context, tools (representational, physical, and digital), dispositions, and a critical 
orientation in a way that is accessible to teachers (e.g., Geiger, Goos, & Dole, 2015; Goos et al., 2014). 
Additionally, it provides an effective framework for analysing each teacher’s personal conception of 
numeracy and tasks seen in the observed lessons in the present study. 
Teachers’ responses to questions about the meaning of the term numeracy could be readily 
coded using the dimensions of the numeracy model. Michael, for example, described numeracy in 
terms of mathematical knowledge (Michael_28May13_5), whereas other teachers also mentioned the 
context in which mathematics was used (e.g., Martin_27May13_6). Sometimes, as in the case of Karen, 
there was a mismatch between the teacher’s stated personal conception of numeracy and the 
dimensions of numeracy evident in observed lessons. Karen’s interview responses indicated a personal 
conception of numeracy seemingly limited to the use of mathematical knowledge in a context 
(Karen_28May13_9); however, she was able to identify the additional dimensions of tools and 
dispositions when asked to reflect on the lesson described in Section 5.2.3 (Karen_29May13_3). Such 
differences between stated beliefs and practice could occur because a teacher does not consciously 
think about the complexity of numeracy but could also be seen more broadly in terms of a teacher 
having identities that vary across contexts (e.g., Gresalfi & Cobb, 2011; Hodges & Cady, 2012). 
Numeracy across the curriculum 
Implicit in an across the curriculum approach to numeracy is the expectation that numeracy is 
the responsibility of all teachers, not just mathematics teachers. Mandated curriculum requirements 
alone are unlikely to be sufficient for non-mathematics teachers to pay explicit attention to numeracy 
learning opportunities in the subjects they teach, especially if they already consider the curriculum to 
be crowded. However, numeracy can enhance learning in subjects other than mathematics (see Section 
2.1.3) but there seems little evidence that demonstrates how this outcome can be achieved. For this 
reason, it could be argued that promoting numeracy learning across the curriculum needs to have the 
dual goals of enhancing both numeracy and subject learning. 
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Teachers are more likely to change their practices if they can see that such changes are 
worthwhile (Gresalfi & Cobb, 2011), so identifying connections between numeracy and curriculum 
goals in non-mathematics subjects may provide motivation for teachers to address numeracy learning 
opportunities in the subjects they teach. Several examples of how numeracy learning opportunities can 
be linked to subject curriculum goals were revealed by the present study. These included Michelle’s 
use of budgeting to help students understand what life was like in Australia at the beginning of the 
twentieth century – empathy (see Section 5.4.3); and Kylie’s use of population data to help students 
understand the impact of the arrival of the Spanish on the Incan empire - cause and effect (see Section 
6.2.3). On many of these occasions, teachers employed representational tools that could be considered 
as boundary objects (Star & Greisemer, 1989; see Section 2.1.4). When boundary objects are employed 
to promote numeracy learning they can be seen as having a mathematical meaning and a contextual 
meaning because they are part of the practices of two communities of teachers (e.g., Wenger 1988); 
that is, teachers of mathematics and teachers of other subjects. 
Timelines and representations of data (both graphical and tabular) were identified as boundary 
objects that are important for both numeracy and learning in history and science. Timelines were 
observed on four occasions in observed lessons, including by Karen to increase understanding of the 
extent of geological time (see Section 5.2.3). Representation and interpretation of data was a feature of 
several of the observed lessons. For example, Martin employed income and life expectancy data to 
demonstrate the impact of the Industrial Revolution on the lives of people (see Section 5.3.3) and 
Barbara wanted students to graph observational data to allow connections between biodiversity and 
environmental conditions to be made (see Section 6.4.3). 
Venkat and Winter (2015) used an activity-theory approach and argued that teachers promoting 
numeracy learning need to be able to move flexibly between the mathematical and contextual 
perspectives of the boundary objects they use. These perspectives are closely aligned with the 
mathematical and contextual meanings of boundary objects when these objects are seen as the result of 
reification in a community of practice (Wenger, 1988). The findings in the present study are consistent 
with those of Venkat and Winter, and point to the need for a balance between mathematical and 
contextual meanings if both numeracy and subject learning are to be enhanced. For example, at one 
extreme timelines seemed to have mainly a contextual meaning for Erica (see Section 6.3.3); while at 
the other extreme, graphs seemed to have mainly a mathematical meaning for Barbara (see Section 
6.4.3). In both cases it could be argued that the numeracy and/or subject learning opportunity was 
diminished. 
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7.1.2 The revised framework for identity as an embedder-of-numeracy 
The present study developed and evaluated a framework for identity as an embedder-of-
numeracy. A review of relevant literature in the theoretical phase of the study resulted in an initial 
framework organised around five Domains of Influence: Knowledge Domain, Affective Domain, 
Social Domain, Life History Domain, and Context Domain (see Chapter 4). Several modifications were 
made to this proposed framework in light of the findings from the empirical phase of the study (see 
Chapter 5 and Chapter 6): additional factors were added to the Knowledge and Affective Domain, 
some of the factors were re-named to better reflect what was meant, and the Life History Domain was 
placed first because factors that contribute to other domains are shaped by factors from this domain. 
The revised framework for identity as an embedder-of-numeracy is shown in Figure 7.1 with explicit 
descriptions of each included factor presented in Table 7.1. 
Life history domain 
Past experiences contribute to each teacher’s identity (e.g., Philipp, 2007; Williams, 2011). 
Consequently, many factors that influence how teachers promote numeracy learning have probably 
been shaped by their past experiences. The Life History Domain in the proposed framework included 
three factors: past experiences of mathematics, pre-service teacher education, and initial teaching 
experiences (see Section 4.2.4). Following the empirical phase of the study, these factors were defined 
as the nature (positive/negative) of past experiences with mathematics and opportunities (both formal 
and informal) to develop competency in the inherent mathematics in subjects taught, opportunities 
during pre-service teacher education to learn about how numeracy can support subject learning and to 
develop pedagogical content knowledge for numeracy, and opportunities to engage with an across the 
curriculum approach to numeracy early in career, respectively. 
Past experiences of mathematics  
The teachers in the present study had all studied mathematics in their final two years of 
secondary schooling, and some had completed further studies at university (e.g., Michael) or employed 
relevant mathematics in their tertiary qualifications (e.g., Kylie). None of the teachers reported negative 
experiences of mathematics either at or beyond school. As a consequence, it seems reasonable to 
suggest that their past experiences of mathematics had equipped them with the mathematical 
knowledge and dispositions needed to embed numeracy into the subjects they taught. The possible 
exception was Martin: he expressed a lack of confidence in his mathematics ability and provided 
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evidence that he may not have the mathematical knowledge to be able to take full advantage of 
numeracy learning opportunities in history. It could be argued that teachers whose past experiences of 
mathematics have not furnished them with an appropriate level of and dispositions towards 
mathematics could avoid engaging with numeracy in the subjects they teach, possibly as a result of 
maths anxiety (Hembree, 1990). For this reason, past experiences of mathematics are likely to 
contribute to a teacher’s identity as an embedder-of-numeracy. 
Pre-service teacher education  
There were no opportunities for any of the teachers in the present study to develop the capacity 
to promote numeracy learning through their pre-service teacher education. Some of the teachers were 
able to explicitly link numeracy to enhanced subject learning (e.g., Karen_28May13_10; 
Michelle_29May13_2; Kylie_16Oct14_7) but the activities they employed suggested scope for further 
development of the teachers’ pedagogical content knowledge for numeracy. Pre-service teacher 
education has potential to provide opportunities to assist those learning to be teachers to make 
connections between numeracy and subject learning, and to develop the necessary knowledge to be 
able to attend to numeracy learning opportunities in subjects across the curriculum. While this is an 
area of pre-service teacher education that has not been fully addressed in Australia thus far, changes are 
likely in the near future (see TEMAG, 2014). Thus it seems reasonable to suggest that pre-service 
teacher education will contribute to a teacher’s identity as an embedder-of-numeracy. 
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Figure 7.1 A framework for identity as an embedder-of-numeracy. 
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Table 7.1 
Descriptions of factors included in the Framework for Identity as an Embedder-of-numeracy 
Domains of Influence Description 
Life History Domain  
Past experiences of mathematics Nature (positive/negative) of past experiences with mathematics and 
opportunities (both formal and informal) to develop competency in 
the inherent mathematics in subjects taught. 
Pre-service teacher education Opportunities during pre-service teacher education to learn about 
how numeracy can support subject learning and to develop 
pedagogical content knowledge for numeracy. 
Initial teaching experience Opportunities to engage with an across the curriculum approach to 
numeracy early in career. 
Knowledge Domain  
Mathematics content knowledge Level of expertise in the inherent mathematics in the subjects 
taught. 
Pedagogical content knowledge Capacity to design effective numeracy tasks.  
Curriculum knowledge Capacity to identify numeracy learning opportunities and make 
connections between numeracy and subject learning. 
Subject knowledge Level of content, pedagogical, and curriculum knowledge of 
subjects taught. 
Affective Domain  
Personal conception of 
numeracy 
Belief about what numeracy is. 
Attitudes towards mathematics Level of confidence with the inherent mathematics in a subject 
Beliefs about pedagogical 
approaches that are possible 
Beliefs about students that influence the pedagogical approaches 
that are perceived possible with the classes taught. 
Motivation to embed numeracy 
in subjects  
Belief about the place of numeracy in the subjects taught. 
Perceived preparation to embed 
numeracy into subjects  
Not explored in the empirical phase of this study. 
 
Social Domain  
School communities Interactions with colleagues and school administrators related to the 
meaning of numeracy and who is responsible for numeracy 
learning. 
Professional communities Interactions with others in professional associations and 
professional development activities (including research and 
development projects) related to promoting numeracy learning. 
Context Domain  
School policy environment Curriculum initiatives and accountability measures related to 
numeracy. 
Resources for teaching Access to representational, physical, and digital tools needed to 
support numeracy learning. 
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Initial teaching experiences 
The developing identity of early career teachers can be influenced by their initial teaching 
experiences (e.g., Beauchamp & Thomas, 2009; Beisiegel & Simmt, 2012). The early career teachers in 
the present study (Karen, Kylie, and Erica) were beginning their teaching careers in an environment 
where there were mixed messages about numeracy. Against the backdrop of the Australian Curriculum 
(ACARA, 2014a) that promotes an across the curriculum approach to numeracy, teachers in both 
school reported approaches to literacy and numeracy targeted at improving student performance in 
national testing (i.e., NAPLAN) (e.g., Michelle_27May13_3; Kylie_14Oct14_5). Pressure to improve 
NAPLAN results may create a normative identity for teaching (Gresalfi & Cobb, 2011) where 
numeracy is seen as the responsibility of mathematics teachers (e.g., Kylie_14Oct14_7) and 
pedagogical approaches that prepare students for these tests are valued (e.g., Hardy, 2015). Such an 
environment has potential to influence the way in which early career teachers see numeracy (i.e., their 
personal conception) and the numeracy-related pedagogical practices that they develop; thus initial 
teaching experiences have potential to contribute to a teacher’s identity as an embedder-of-numeracy. 
Knowledge Domain 
A teacher’s knowledge is seen as an important part of his or her identity (e.g., Philipp, 2007; 
Van Zoest & Bohl, 2005). Several types of knowledge are needed for teaching (e.g., Shulman, 1987), 
but only three types were initially included in the Knowledge Domain of the proposed framework: 
mathematics content knowledge (MCK), pedagogical content knowledge (PCK), and curriculum 
knowledge (CK) (see Section 4.2.1). These types of knowledge were defined following the empirical 
phase of the study: MCK encompasses the level of expertise in the inherent mathematics in the subjects 
taught, PCK refers to the capacity to design effective numeracy tasks, and CK includes the capacity to 
identify numeracy learning opportunities and make connections between numeracy and subject 
learning. In addition, subject knowledge was added to the Knowledge Domain. For the framework, 
subject knowledge was seen to encompass content, pedagogical, and curriculum knowledge of the 
subject taught: included as a single factor because the interest in the present study was on promoting 
numeracy learning through subjects across the curriculum, not on teaching the subjects per se. 
Mathematics content knowledge  
Mathematics is the discipline that underpins numeracy, so it is impossible to be numerate 
without an appropriate level of mathematical knowledge (e.g., Goos et al., 2014; OECD, 2013, 2014; 
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Steen, 2001; Willis, 1998). Consequently, it is reasonable to expect that in order to promote numeracy 
learning, teachers need to be competent in the mathematics they are likely to encounter in the subjects 
they teach. The teachers in the present study appeared to have completed appropriate mathematics 
courses (see Life History Domain, this section) and seemed, for the most part, to demonstrate the 
necessary MCK for promoting numeracy learning in the subjects they taught. Kylie mentioned the need 
to revise relevant mathematics (Kylie_14Oct14_11) and Martin may need to build on his current MCK 
(Martin_9Sept13_2) to promote numeracy learning. The level of teachers’ MCK is likely to influence 
how they promote numeracy learning, and so will contribute to their identity as an embedder-of-
numeracy. 
Pedagogical content knowledge 
There has been little research on how to design effective numeracy tasks (Geiger, Goos, & 
Forgasz, 2015) and, by implication, the knowledge needed to be able to do this. None of the teachers in 
the present study had opportunities to develop PCK for numeracy during their pre-service teacher 
education or in subsequent professional development (see Life History Domain, this section). As a 
result, it was not surprising that there were possibilities to make more effective use of the tasks 
employed to promote numeracy learning in the observed lessons and some of the teachers identified the 
need to develop PCK for numeracy (e.g., Kylie_4Sept13_14 and Erica_4Sept13_10). Despite the need 
for further research on this type of knowledge, it could be argued that knowledge for designing 
effective numeracy tasks is likely to contribute to a teacher’s identity as an embedder-of-numeracy. 
Curriculum knowledge  
Despite lack of guidance in the Australian Curriculum (ACARA, 2014a) about how to identify 
numeracy demands and opportunities in subjects across the curriculum (Geiger et al., 2013; Goos et al., 
2012), each of the teachers in the present study provided evidence that they were able to identify where 
numeracy existed in the subjects they taught. When asked why they used particular tasks, five of the 
teachers articulated how the numeracy-focused tasks they used could promote disciplinary 
understanding. For example, Kylie explicitly linked her use of timelines (see Section 6.2.3) to 
conceptual understanding of time (Kylie_16Oct14_4), and Martin’s rationale for employing a task 
involving representation an interpretation of data (see Section 5.3.3) could be connected to the 
historical concept of empathy (Martin_9Sept2013_1). The capacity to identify numeracy learning 
opportunities and make connections between numeracy and subject learning seems necessary if 
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teachers are to attend to numeracy in the subjects they teach. For this reason, it could reasonably be 
expected that CK will contribute to a teacher’s identity as an embedder-of-numeracy. 
Subject knowledge 
In the present study Michael and Barbara were teaching science out of field. Michael had 
completed some tertiary science courses but Barbara had no formal post-secondary science education, 
conceding that she needed to learn the content she was teaching (Barbara_8Nov13_4). Both teachers 
utilised tasks that involved representation and interpretation of data that had potential to promote 
understanding in science, but seemed to focus on teaching students how to represent data graphically 
rather than make connections with scientific concepts. Barbara, for example, wanted students to 
understand the impact of human activity on ecosystems (Barbara_3Jun14_4), but her purpose for the 
lesson was to make crucial points about graphing (Barbara_3Jun14_3). Conversely, Kylie had a strong 
knowledge base for teaching history. She recognised the importance of providing students with 
opportunities to develop numeracy-related historical skills, such as using timelines, maps, and graphs; 
even if this was at the expense of covering historical content (Kylie_14Oct14_2). Thus, it could be 
argued that subject knowledge (content, pedagogical, and curriculum) influences how teachers promote 
numeracy learning, and so contributes to a teacher’s identity as an embedder-of-numeracy. 
Affective Domain 
There are many affective factors that contribute to a teacher’s identity (see Section 2.2.2) but 
three factors were identified as being likely to influence how teachers promote numeracy learning in 
the subjects they teach. Personal conception of numeracy, attitudes towards mathematics, and 
perceived preparation to embed numeracy into subjects were included in the Affective Domain of the 
proposed framework (see Section 4.2.2). This domain proved to be the most challenging to 
conceptualise, possibly because affective attributes cover a broad spectrum (e.g., Phillips, 2007) and 
the identified factors could also be considered as part of other domains. Following the empirical phase 
of the present study, a teacher’s personal conception of numeracy was interpreted as beliefs about what 
numeracy is (inferred from statements made about numeracy) and attitudes towards mathematics was 
considered to include the level of confidence with the inherent mathematics in a subject. 
None of the teachers had encountered courses that promoted numeracy across the curriculum in 
their pre-service teacher education or participated in any professional development activities in this 
area prior to the study, and so perceived preparation to embed numeracy into subjects was not 
explored; nor was it removed from the framework. Many beginning secondary teachers in Australia do 
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not feel their pre-service teacher education program adequately prepared them to support student 
numeracy learning (Milton et al., 2007; Swaby et al., 2010) and there appears to be little support for 
practicing teachers in terms of resources (Goos, Geiger, Bennison, & Roberts, 2015) or professional 
development (e.g., Karen_28May13_4; Michelle_27May13_4). Consequently, it could be argued that 
the teachers’ perceptions of their preparation to embed numeracy in the subjects they teach may 
contribute to their identity as an embedder-of-numeracy. 
Two additional factors were included in the Affective Domain. Motivation to embed numeracy 
was included because teachers appeared more likely to attend to numeracy learning if there was a 
subject-related reason to do so. The second factor was beliefs about pedagogical approaches that are 
possible. The interactions between teachers and students were initially interpreted as a social 
interaction, but for at least some of the teachers in the study (e.g., Michael_28May13_3) these 
interactions influenced the teaching approaches that they thought were possible. As a result, this factor 
was re-interpreted as the beliefs that develop from the social interactions and included in the Affective 
Domain. 
Personal conception of numeracy  
Numeracy involves much more that mathematics (e.g., OECD, 2014) and the framework for 
identity as an embedder-of-numeracy was underpinned by an understanding that numeracy can be 
conceptualised in terms of five dimensions that are seen in the Goos et al. (2014) numeracy model (see 
Section 2.1.1). However, numeracy is seen in schools in a variety of ways. There is the belief among 
some teachers that numeracy is the responsibility of mathematics teachers (e.g., Thornton & Hogan, 
2004) and, by implication, synonymous with mathematics. Numeracy can also be seen as the 
application of mathematics in a variety of contexts without the explicit inclusion of the other 
dimensions (e.g., Carter et al., 2015). Moreover, national numeracy testing (NAPLAN) may result in 
promoting numeracy learning being associated with teaching to these tests (e.g., G. Thomson & 
Harbaugh, 2013). Common discourses in schools about numeracy could contribute to teachers’ 
espoused personal conception of numeracy. 
Michael’s stated personal conception of numeracy seemed restricted to mathematical 
knowledge (Michael_28May13_5), while some teachers in the present study included the context in 
which this knowledge is used (e.g., Michelle_27May 13_8). Other dimensions of numeracy were 
evident in the tasks employed in many of the observed lessons and when the teachers reflected on the 
lessons (e.g., Karen’s use of the timeline in science; see Section 5.2.3). Opportunities for students to 
engage with each dimension of numeracy are unlikely to be provided in every task but could 
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conceivably be achieved over a unit of work. However, if teachers’ discourse about numeracy does not 
include reference to other dimensions of numeracy (such as dispositions, tools, and critical 
orientation), then it could be argued that it is unlikely they will actively plan to include these aspects 
when designing tasks to promote numeracy learning. Consequently, a teacher’s personal conception of 
numeracy can be seen to contribute to her or his identity as an embedder-of-numeracy. 
Attitudes towards mathematics  
None of the teachers mentioned having had negative experiences of mathematics in the past, as 
can be the case for many school students (e.g., Hembree, 1990). However, Martin conceded that he was 
not confident in his mathematics ability when at school (Martin_27May13_4). In order to pay explicit 
attention to numeracy learning opportunities, it could be argued that teachers need to be confident to 
engage with inherent mathematics in the subjects they teach. Lack of confidence may result in teachers 
choosing not to attend to the numeracy demands and opportunities in these subjects. Thus, confidence 
with relevant mathematics is likely to influence how teachers promote numeracy learning and 
contribute to a teacher’s identity as an embedder-of-numeracy. 
Motivation to embed numeracy  
Teachers who could be described as embedders (Thornton & Hogan, 2004) see numeracy as 
enriching understanding in the subjects they teach, and so have incentive to promote numeracy 
learning. Conversely, teachers who find it difficult to make connections between numeracy and subject 
learning may see numeracy as something extra to be included within limited teaching time (e.g., Carter 
et al., 2015). For these latter teachers, it could be argued that making changes to their practices is only 
likely if they come to see a benefit to student learning in the subjects they teach, thereby making the 
changes worthwhile (Gresalfi & Cobb, 2011). For example, Kylie placed much greater emphasis on the 
numeracy learning opportunity provided by timelines in the second year of the study (see Section 6.2.3) 
and made links between numeracy and learning in history (Kylie_16Oct14_7). While there are many 
possible explanations for her change in practice (e.g. her strong disciplinary knowledge and increasing 
experience as a history teacher), it is not unreasonable to suggest that motivation for this change 
stemmed from recognising that explicit attention to numeracy enhanced learning in history. However, it 
is necessary to keep in mind that such motivation can be influenced by other factors that are deemed to 
be more important by a teacher; for example, the need to cover content (e.g., Erica_4Sept13_6) or 
develop expertise in a subject (e.g., Barbara_8Nov13_4). Nonetheless, motivation to embed numeracy 
into a subject can be seen as contributing to a teacher’s identity as an embedder-of-numeracy. 
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Beliefs about pedagogical practices that are possible  
Teachers’ interactions with students can influence whether or not they are prepared to expend 
the emotional energy to employ pedagogical approaches to promote numeracy learning. These 
interactions lead to beliefs about the pedagogical approaches that are possible with particular groups of 
students and are related to teachers’ self-efficacy and agency (Bandura, 1977). Two teachers in the 
present study mentioned how their perceptions of students influenced the pedagogical approaches they 
felt were possible: Karen felt students needed structured activities (Karen_28May13_3) and as a result 
did not allow students to work in groups on a more open task (see Section 5.2.3), and Michael thought 
that taking a student-centred approach was not possible at his school because of his deficit view of 
students (Michael_28May13_3). Consequently, beliefs about pedagogical practices that are possible 
seem to contribute to a teacher’s identity as an embedder-of-numeracy. 
Social domain 
Identity development involves participation in communities (Wenger, 1988), so it could be 
argued that teachers’ participation in school and professional communities contribute to how they 
promote numeracy learning. Consequently, these two categories of communities were included in the 
Social Domain of the proposed framework (see Section 4.2.3). For the purposes of this study, school 
communities were restricted to the interactions that teachers have with students (now re-interpreted and 
included in the Affective Domain), colleagues, and administrators and professional communities were 
considered to be the interactions teachers have through professional learning communities. Following 
the empirical phase of the present study interactions within these communities were defined. Teachers’ 
interactions with colleagues and school administrators in school communities were considered as those 
dealings related to the meaning of numeracy and who is responsible for numeracy learning in the 
school. Teacher’s interactions in professional communities were seen as including participation in 
professional associations and professional development activities, including research and development 
projects, related to promoting numeracy learning. 
School communities  
The normative identity for teaching (Gresalfi & Cobb, 2011) in relation to numeracy at a school 
is likely to be influenced by the school approach to numeracy and the views of teachers at the school. 
Despite the introduction of the Australian Curriculum (ACARA, 2014a), in some Australian schools 
there is not a coordinated approach to numeracy across the curriculum (e.g., Carter, et al., 2015). 
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However, if school administrators are supportive of such an approach, then the chances of teachers 
adopting this approach can be enhanced (e.g., Zawojewski & McCarthy, 2007). There was little 
evidence in either school in the present study to suggest that numeracy was seen as an across the 
curriculum responsibility. Instead the dominant discourse about numeracy seemed to be about national 
testing (i.e., NAPLAN) with responsibility for student performance resting with the mathematics 
department (e.g., Kylie_14Oct14_5). For example, Michelle talked about NAPLAN data and students’ 
literacy and numeracy skills (Michelle_27May13_3) and Barbara reported that the school focus on 
numeracy was about improving NAPLAN results (Barbara_RT_3Dec14_1). Other studies have shown 
that NAPLAN can influence the ways in which schools address numeracy (e.g., Hardy, 2015; G. 
Thomson & Harbaugh, 2013), and therefore the normative identity for teaching in this regard. 
Teachers who see numeracy as the responsibility of mathematics teachers, described by 
Thornton and Hogan (2004) as separatists, can also influence the normative identity for teaching. For 
example, according to Michelle, numeracy was seen as the responsibility of mathematics and science 
teachers (Michelle_27May13_2) and less acceptable in history than literacy is in other subjects 
(Michelle_27May13_5). Consequently, teachers wishing to promote numeracy learning may feel 
contrained by such views and would need to reconcile conflicting perspectives (e.g., Hodges & Cady, 
2012). 
For the reasons just outlined, interactions teachers have with school administrators and teachers 
within their school communities may influence how they promote numeracy learning, and so contribute 
to their identity as an embedder-of-numeracy.  
Professional communities 
Professional communities can offer opportunities for teachers to engage in learning, and 
therefore contribute to how they promote numeracy learning. The teachers in the present study seemed 
to have limited involvement in professional communities. None reported participating in professional 
development activities related to numeracy, other than the Numeracy Project; nor did they report being 
involved with professional subject associations. However, there was some evidence that participation in 
professional development activities, like the workshops of the Numeracy Project, have potential to 
influence how teachers promote numeracy learning. For example, Kylie changed the way in which she 
used a timeline in her history lessons (see Section 6.2.3). While other explanations are possible (see 
section on motivation to embed numeracy), it could also be argued that this change was due in part to 
changes to her identity as an embedder-of-numeracy that stemmed from her participation in the 
Numeracy Project. Despite limited evidence from the empirical phase of the study, it is difficult to deny 
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the potential of participation in professional communities to contribute to a teacher’s identity as an 
embedder-of-numeracy. 
Context Domain 
Practice and identity are related (Wenger, 1998), so affordances and constraints on practice 
within teachers’ professional contexts can influence the ways in which they promote numeracy 
learning. The school policy environment and access to appropriate resources for teaching seemed 
pertinent, and so were included in the Context Domain of the proposed framework (see Section 4.2.5). 
Following the empirical phase of the present study, these factors were defined as curriculum initiatives 
and accountability measures related to numeracy, and access to appropriate representational, physical 
and digital tools needed to promote numeracy learning, respectively. 
School policy environment  
Two national mandates on numeracy influence teachers’ professional contexts in Australian 
schools: the Australian Curriculum (ACARA, 2014a) and national numeracy testing (NAPLAN). The 
Australian Curriculum requires teachers to attend to numeracy in subjects across the curriculum but 
little guidance is given how to achieve this (Geiger et al., 2013). The teachers in the present study were 
able to recognise places where numeracy could be incorporated into lessons and utilise a numeracy-
focused task to enhance subject learning (e.g., Michelle’s use of budgeting to develop empathy; see 
Section 5.4.3). On the other hand, Erica and Kylie felt that the amount of content to be covered in the 
new history curriculum was detrimental to student learning of history (Erica_4Sept13_6; 
Kylie_14Oct14_2, respectively). Although lack of familiarity with the new curriculum may have been 
behind this viewpoint, a consequence may be that teachers see numeracy as taking valuable time from 
the subject, as was the case for teachers in one of the schools in the study of Carter et al. (2015). 
Additionally, NAPLAN has been shown to influence the ways in which schools approach numeracy 
(e.g., Hardy, 2015), possibly because of the publication of school results (see ACARA, 2014c) and the 
linking of these results to additional funding (e.g., DET, 2014). There was evidence in both schools that 
NAPLAN seemed to be influencing how numeracy was addressed. For example, Martin reported being 
required to take time in his English lessons to prepare students for the literacy tests, and it is not 
unreasonable to suggest that a similar approach to numeracy was probable in mathematics classes; and 
Kylie recounted how students worked explicitly on skills for NAPLAN at the beginning of each 
mathematics class (Kylie_14Oct14_7). Curriculum initiatives designed to promote numeracy learning 
and national testing regimes can influence how teachers promote numeracy learning. For this reason, 
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the school policy environment is likely to contribute to a teacher’s identity as an embedder-of-
numeracy. 
Resources for teaching  
The conceptualisation of numeracy employed in the present study included the use 
representational, physical, and digital tools to mediate thinking (Goos et al., 2014). It follows that 
access to these types of resources is needed for teachers to be able to embed this dimension of 
numeracy into the subjects they teach. Both schools had a laptop hire scheme, but many students in 
observed lessons did not have laptops and there were only small numbers of computers in classrooms. 
Going to computer laboratories was not without problems (e.g., Michael chose not take his class to the 
computer laboratories because many of the computers in these rooms were broken; 
Michael_29May13_1). Sometimes lack of access to digital tools could be attributed to a teacher’s 
perception. For example, Michelle may not have asked students to find current prices for items in Table 
5.2 because not all groups had access to a computer, which could have been overcome by having 
groups of students working on different parts of the task. 
Gaining access to digital and other types of tools proved to be a persistent issue for teachers in 
both schools but it was unclear if these issues were due to the overall resourcing of the school or other 
reasons. Kylie reported not having adequate access to reference books for an assignment in history 
(Kylie_4Sept13_6) and Michael mentioned lack of scientific equipment impacting on implementation 
of the new science curriculum (Michael_30Nov12_1). Interestingly, Kylie also mentioned difficulty in 
getting access to rulers and calculators (physical and digital tools, respectively), and graph paper30 
(Kylie_RT_3Dec14_2), items that are usually readily available to mathematics teachers and possibly 
science teachers: these resources may not have been considered necessary for a history teacher.  
If numeracy is seen as involving the use of tools to mediate thinking about a situation (see Goos 
et al., 2014), then access to appropriate resources for teaching are necessary to promote numeracy and 
will contribute to a teacher’s identity as an embedder-of-numeracy. 
7.1.3 Response to Research Question 1 
Teacher identity is complex and is shaped by many factors (see Section 2.2). In order to 
determine how a teacher’s identity contributes to her/his capacity to promote numeracy learning across 
the curriculum, it has been argued in this thesis that a framework was needed that included only 
30 Graph paper is mentioned here because this type of paper is used to create and display graphs, a 
representational tool. 
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pertinent factors. The present study theoretically developed a framework for identity as an embedder-
of-numeracy (see Section 4.2) that was re-examined and evaluated though empirical findings of the 
study (see Chapter 5 and Chapter 6). As a result, this framework was amended and represented 
diagrammatically in Figure 7.1, with further elaboration of each characteristic presented in Table 7.1. 
7.2 Research Question 2: In What Ways can a Sociocultural Approach 
Contribute to Understanding how Teachers Could be Supported to Embed 
Numeracy Into the Subjects They Teach? 
Sociocultural approaches seek to understand human behaviour by examining the interactions 
between individuals and the environmental, social, and cultural factors of their surroundings. Research 
Question 2 addresses how research employing a sociocultural approach might contribute to 
understanding of how teachers could be supported to embed numeracy into the subjects they teach. 
Developing a framework for identity as an embedder-of-numeracy (see Section 4.2 and Section 7.1) 
and proposing an adaptation of Valsiner’s (1997) zone theory as a means of understanding this identity 
(see Section 4.3) contribute to the response to the second research question. 
Investigating how teacher identity could provide an analytic lens through which to identify 
factors that influence how teachers promote numeracy learning across the curriculum was addressed 
through Research Question 1. The framework for identity as an embedder-of-numeracy seems to make 
it possible to capture the complexity of a teacher’s identity in the context of promoting numeracy 
learning across the curriculum. However, it does not allow understanding of how factors included in 
the framework interact to produce particular teacher identities, nor does it capture the dynamic nature 
of a teacher’s identity (see Section 4.2.6). Thus, an additional theoretical framework was needed for 
this purpose. 
Several theoretical approaches have been used to investigate the developing identities of 
teachers (see Section 2.2.2). When learning is seen to involve social processes and as an important part 
of identity development (e.g., Wenger, 1988), it could be argued that sociocultural approaches may 
provide a means of understanding how a teacher’s identity is formed (see Section 2.3.3). Valsiner’s 
(1997) zone theory seemed to have potential to contribute to understanding a teacher’s identity as an 
embedder-of-numeracy, including possible trajectories that this identity might follow; in other words, 
understanding how the factors in the framework interact and capturing the dynamic nature of identity. 
For this reason, an adaptation of Valsiner’s zone theory was proposed as a way of overcoming a 
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limitation identified when using the framework for identity as an embedder-of-numeracy alone (see 
Section 4.2.6). This proposal is re-examined in this section by drawing on the findings of the empirical 
phase of the study (see Chapter 5 and Chapter 6), with reference to the revised framework for identity 
as an embedder-of-numeracy (see Figure 7.1). The section concludes with a response to Research 
Question 2. 
7.2.1 The framework for identity as an embedder-of-numeracy and Valsiner’s zone theory 
When characteristics included in the framework for identity as an embedder-of-numeracy were 
mapped onto Valsiner’s (1997) zone of proximal development (ZPD), zone of free movement (ZFM), 
and zone of promoted action (ZPA), there was not a one-to-one correspondence between the Domains 
of Influence and Valsiner’s three zones (see Section 4.3). This was especially true for the ZFM and 
ZPA, which work together as a ZFM/ZPA complex to canalise development (Valsiner, 1997). For 
example, factors from a single domain could be mapped onto both the ZFM and ZPA and, in some 
instances, particular factors could be considered to contribute to both zones depending on whether 
these factors were seen as providing a constraint on the way in which a teacher promoted numeracy 
learning or promoted particular teaching actions in relation to numeracy. 
In the present study, the ZPD was interpreted as the set of possible ways that a teacher’s identity 
as an embedder-of-numeracy might develop. This zone was seen to be contingent on knowledge and 
affective attributes specifically related to numeracy that exist in their current state because of a 
teacher’s past experiences. Consequently, factors from the Knowledge Domain, Affective Domain, and 
Life History Domain were mapped onto the ZPD (see Section 4.3.1). These factors were mathematical 
content knowledge, pedagogical content knowledge, and curriculum knowledge from the Knowledge 
Domain; personal conception of numeracy, attitudes towards mathematics, and perceived preparation 
to embed numeracy into subjects from the Affective Domain, and past experiences of mathematics, 
pre-service teacher education, and initial teaching experiences from the Life History Domain. 
Additional factors were added to the framework when it was revised following the empirical study (see 
Table 7.1). These factors were subject knowledge (Knowledge Domain), beliefs about what 
pedagogical approaches are possible (Affective Domain) and motivation to embed numeracy into 
subjects (Affective Domain). 
The ZFM was understood as the environmental elements that permit certain teaching actions for 
numeracy and ZPA was interpreted as the teaching approaches for numeracy that are promoted. As a 
ZFM/ZPA complex, these zones canalise development by providing affordances and constraints 
(Valsiner, 1997) on the teacher, guiding but not determining the trajectory of a teacher’s identity as an 
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embedder-of-numeracy. Factors included in the framework for identity as an embedder-of-numeracy 
that were considered to contribute to the ZFM/ZPA complex came from the Affective Domain, Social 
Domain, and Context Domain (see Section 4.3.2 and Section 4.3.3). No additional factors were 
identified when the framework was revised. 
Although some factors in the Affective Domain were mapped onto the ZPD; the factors added 
to this domain following the empirical phase of the present study were mapped onto the ZFM/ZPA 
complex. Beliefs about the pedagogical approaches that are possible were seen as part of this complex 
because these beliefs had potential to constrain practice. For example, Karen’s beliefs about the 
teaching approaches that were possible seemed to influence the way in which she implemented the 
lesson on geological time (Karen_28May13_3) and Michael’s beliefs in this regard 
(Michael_28May13_3) meant that he was unlikely to incorporate tasks into his lessons that foster 
initiative and risk taking, part of the dispositions dimension of numeracy (Goos et al., 2014).  
Conversely, motivation to embed numeracy into the subjects could lead teachers to actively seek out 
teaching approaches that support an across the curriculum approach to numeracy, and so provide an 
affordance to promoting numeracy learning. Michelle, for example, had developed the teaching 
approaches that she employed in relation to numeracy through self-initiated professional learning 
(Michelle_27May13_2). 
The school policy environment and resources for teaching, the two characteristics included in 
the Context Domain, were seen as contributing to the ZFM/ZPA complex. In the present study, the 
Australian Curriculum (ACARA, 2014a) could be seen as providing both affordances and constraints 
on how teachers promoted numeracy learning. Although the new curriculum promotes teaching actions 
consistent with an across the curriculum approach to numeracy, it also seemed to impose time 
constraints on teachers as they worked out the best way of achieving curriculum goals (e.g. 
Erica_8Nov13_1). Further constraints on teachers’ practices came from national numeracy testing 
(NAPLAN) and the difficulty they had in accessing resources, especially digital tools, needed to 
promote numeracy learning. The former appeared to influence the approach to numeracy taken in the 
two schools with potential for teaching to these tests to be valued (e.g., Hardy, 2015).  
From within the Social Domain, teachers’ numeracy-related interactions within school 
communities and professional communities could be seen as contributing to the ZFM/ZPA complex. 
Within the two school communities in the present study, the normative identity for teaching (Gresalfi & 
Cobb, 2011) seemed to be shaped by efforts to improve student performance on national numeracy 
testing (NAPLAN) and views that numeracy was the responsibility of mathematics departments (e.g., 
 186 
Chapter 7 Discussion and conclusion 
Michelle_27May13_3; Kylie_14Oct14_5). As a consequence, teachers may feel constrained in the 
approaches they feel able to take to promote numeracy learning. Alternatively, the Australian 
Curriculum (ACARA, 2014a) has potential to create a normative identity for teaching supportive of 
teaching actions that promote numeracy learning across the curriculum, and the only professional 
community that any of the teachers were involved with was the Numeracy Project, which promoted 
teaching approaches consistent with the intent of the new curriculum. 
One way of representing the manner in which the Domains of Influence in the framework for 
identity as an embedder-of-numeracy were mapped onto Valsiner’s (1997) ZPD and ZFM/ZPA 
complex is shown in Figure 7.2. 
7.2.2 Understanding how an identity as an embedder-of-numeracy is formed 
Utilising the proposed adaption of Valsiner’s (1997) zone theory (see Section 4.3) to analyse 
each teacher’s identity as an embedder-of-numeracy contributes to understanding how this identity is 
formed and makes it possible to speculate on how each teacher could be supported to promote 
numeracy learning. These suggestions remain largely untested due to restrictions on the ongoing 
availability of teachers and the limited timeframe of the present study. However, findings from the 
empirical phase of the study lend support to the proposition that a sociocultural approach might 
contribute to understanding how teachers could be supported to embed numeracy into the subjects they 
teach. Two examples from the study illustrate how consideration of a teacher’s zone of proximal 
development (ZPD) and zone of free movement/zone of promoted action (ZFM/ZPA) complex could 
provide insights into a teacher’s identity as an embedder-of-numeracy. These examples were chosen 
because there was evidence of some changes to each teacher’s identity over the course of the study.
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Figure 7.2 Mapping the framework for identity as an embedder-of-numeracy onto Valsiner’s (1997) zone of proximal 
development (ZPD), zone of free movement (ZFM), and zone of promoted action (ZPA). 
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The set of possible ways in which Barbara’s identity as an embedder-of-numeracy might 
develop (her ZPD) may not have included strengthening of this identity prior to her participation in the 
Numeracy Project (see Section 3.3.2). Her development was likely to be constrained by her science 
subject knowledge and seemingly narrow personal conception of numeracy. She was teaching science 
out of field and her science subject knowledge seemed to come only from her experiences of teaching 
science (Barbara_8Nov13_4). In addition, the way she viewed numeracy prior to her participation in 
the Numeracy Project seemed to encompass only mathematical knowledge (Barbara_8Nov13_2); even 
though she was able to identify numeracy in science (Barbara_8Nov13_3) and make some links 
between numeracy and enhancing science learning (Barbara_3Jun14_3). For these reasons, it is not 
unreasonable to suggest that Barbara’s existing knowledge and affective attributes may have imposed 
limitations on the way she might develop. 
Some changes were observed to Barbara’s identity as an embedder-of-numeracy under the 
influence of the ZFM/ZPA complex she experienced. While the school emphasis on preparing students 
for national numeracy testing (NAPLAN) (Barbara_3Jun14_1) could have shaped Barbara’s personal 
conception of numeracy, she noted that her ideas about numeracy had broadened as a result of her 
participation in the Numeracy Project (Barbara_8Nov13_2). A possible reason for her personal 
conception of numeracy changing in a way that was not necessarily consistent with the school view of 
numeracy was that the way in which numeracy was conceptualised in the Numeracy Project (i.e., the 
numeracy model; Goos et al., 2014) was aligned with her goals as a mathematics teacher (e.g., 
Barbara_16Oct14_3). No subsequent changes to Barbara’s classroom practice were observed, possibly 
because comparable lessons were not viewed and the time frame of the study was not long enough. 
Barbara’s identity as an embedder-of-numeracy towards the end of the study seemed to have 
strengthened: she had a richer espoused personal conception of numeracy. Professional development 
(ZPA) that assists her to make connections between numeracy and learning in science could support 
her to develop the knowledge she needs for teaching science. However, her development may be 
constrained by her professional context (ZFM) where the grade of the science class she was expected to 
teach kept changing with the result that she seemed to be continually under to pressure learn new 
science content. 
Kylie’s case differs from that of Barbara in two respects: She was qualified to teach history and 
evidence of changes to her practice was observed. Kylie had a strong disciplinary background and 
could make explicit connections between numeracy and learning in history (e.g., Kylie_4Sept13_12). 
Like Barbara, her personal conception had broadened following her participation in the Numeracy 
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Project (Kylie_4Sept13_10). For these reasons, it is not unreasonable to claim that Kylie’s ZPD 
included the possibility of strengthening her identity as an embedder-of-numeracy. 
The ZFM/ZPA complex experienced by Kylie included the influence of national numeracy 
testing (NAPLAN), time constraints imposed by the content to be covered in the new history 
curriculum, and the teaching actions being promoted through the Numeracy Project workshops. 
Against this backdrop, Kylie’s practice in relation to the use of timelines in history changed in the 
second year of the study (see Section 6.2.3): she paid much more explicit attention to the mathematical 
meaning this artefact. One possible explanation for this change is that there were productive tensions 
(Goos, 2013) in her ZFM/ZPA complex: between time constraints and promoted teaching actions 
aligned with her goals for teaching history. Kylie resolved these tensions by changing her practice; 
possibly because she saw the changes as worthwhile (e.g., Gresalfi & Cobb, 2011) because they 
enhanced learning in history (Kylie_16Oct14_4). In this instance, it was relatively easy for Kylie to 
overcome time constraints by utilising the warm up segment of lessons (i.e., re-interpreting her ZFM) 
because she had some flexibility in how she used her time. 
The influence of the ZFM/ZPA complex on canalising identity development suggests that 
professional development alone is insufficient to assist teachers to strengthen their identity as an 
embedder-of-numeracy. For example, using digital tools to mediate thinking was an aspect of the way 
in which numeracy was conceptualised in the present study (Goos et al, 2014). Kylie identified 
assistance with using computers as a future professional development need but her access to computers 
for student to use was limited (Kylie_14Oct 14_4). Consequently, it could be argued that providing 
professional development targeted at Kylie’s perceived professional development need is insufficient to 
assist her to strengthen her identity as an embedder-of-numeracy; unless she also has access to 
computers so that it is possible for her to incorporate digital tools into her lessons. 
7.2.3 Response to Research Question 2 
Identity development involves the interaction of cognitive, social, and environmental factors 
and can be viewed as a sociocultural process (see Section 2.2). In order to understand how teachers 
could be supported to embed numeracy across the curriculum, it has been argued in this thesis that a 
framework for identity as an embedder-of-numeracy and an adaptation of Valsiner’s (1997) zone 
theory provide a means of understanding identity formation and capturing the dynamic nature of 
identity in this situation. Factors included in the framework for identity as an embedder-of-numeracy 
were mapped onto the zone of proximal development, zone of free movement, and zone of promoted 
action from a theoretical perspective (see Section 4.3). The findings from the empirical phase of the 
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study (see Chapter 5 and Chapter 6) allowed the way in which the framework for identity as an 
embedder-of-numeracy could be used in conjunction with the adaptation of Valsiner’s zone theory 
contribute to understanding how teachers could be supported to embed numeracy into the subjects they 
teach to be illustrated and evaluated. 
7.3 Contribution to Knowledge 
The present study employed teacher identity as an analytic lens to investigate how teachers 
could be supported to promote numeracy learning across the curriculum. The findings reported in this 
thesis make a contribution to knowledge in two areas of research: (1) teacher identity, and (2) 
numeracy. 
7.3.1 Extending knowledge on teacher identity 
The framework for identity as an embedder-of-numeracy and adaptation of Valsiner’s (1997) 
zone theory, developed theoretically (Chapter 4) and re-examined through empirical research (see 
Section 7.1 and Section 7.2) in the present study, make a contribution to knowledge on teacher identity. 
The framework for identity as an embedder-of-numeracy guided the design of the empirical phase of 
the study and allowed each teacher’s identity to be described. Empirical evidence from the study 
indicates that the framework captures the complexity of this identity as an embedder-of-numeracy, and 
yet overcomes difficulties encountered by using a more extensive framework, such as Van Zoest and 
Bohl’s (2005) framework for mathematics teacher identity. However, the framework for identity as an 
embedder-of-numeracy is static and cannot provide insights into identity formation and possible 
trajectories of this identity. For this reason, an adaptation of Valsiner’s zone theory was employed to 
understand how the factors that influence this identity interact to produce particular identities and how 
these might change over time. The theoretical and empirical justification provided in this thesis extends 
the work of Goos (2005, 2013) by explicitly linking the factors included in the framework for identity 
as an embedder-of-numeracy to one or more of Valsiner’s zones. 
The framework for identity as an embedder-of-numeracy employed in conjunction with the 
adaptation of Valsiner’s (1997) zone theory allowed ways to support the teachers participating in the 
empirical phase of the study to be identified. There seems to be potential for the approach taken here to 
inform interventions to assist teachers to promote numeracy learning across the curriculum. 
Furthermore, the approach taken in the study could provide a mechanism for investigating teachers’ 
other situated identities. 
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7.3.2 Contributing to numeracy research 
Research interest in numeracy is increasing, both in Australian and internationally, and this 
study makes a contribution to the growing body of knowledge in this area. There are five current 
themes for this research: numeracy in the workplace, numeracy and digital tools, domain specific 
numeracy (statistical literacy and financial literacy), assessment of numeracy, and how best to promote 
numeracy in schools (Geiger, Goos, & Forgasz, 2015). The present study makes a contribution to the 
last of these themes in three areas; providing a means of identifying how to support teachers to promote 
numeracy learning across the curriculum, revealing examples of practice that demonstrate how explicit 
attention to numeracy can enhance subject learning, and offering insights into how teachers’ use of 
boundary objects (Star & Greisemer, 1989) might influence numeracy learning. 
The framework for identity as an embedder-of-numeracy alongside the adaptation of Valsiner’s 
zone theory allowed suggestions (as yet untested), to be made to assist each of the participating 
teachers to promote numeracy learning. More broadly, the study allowed common themes (e.g., lack of 
opportunities to develop pedagogical content knowledge for numeracy) and differences (e.g., individual 
interpretations of professional context) across teachers to be identified. Some factors that influence how 
teachers promote numeracy learning could be addressed through professional learning. For example, 
there had been few opportunities for any of the teachers in the present study to develop pedagogical 
content knowledge for numeracy. Consequently, there is a need for in-service professional 
development that assists teachers to attend to numeracy learning opportunities in the subjects they 
teach. 
Research into across the curriculum approaches to numeracy has shown that teachers are 
capable of promoting numeracy learning in subjects across the curriculum (e.g., Goos et al., 2014). 
However, much of this research has been conducted in the context of professional development 
interventions and has not considered how numeracy might enhance subject learning. More generally, it 
could be argued that professional learning alone is likely to be insufficient to prompt teachers to change 
their practices (e.g., Gresalfi & Cobb, 2011) so that they are better able to promote numeracy learning 
in the subjects they teach. Using an adaptation of Valsiner’s (1997) zone theory as the theoretical 
framework in the present study highlights the role of teacher agency and constraints within a teacher’s 
professional context have in contributing to identity development (see Section 2.3.3). Kylie’s case 
could illustrate that being able to make connections between numeracy and enhanced subject learning 
may prompt teachers to exercise agency so that they can overcome constraints imposed by their 
professional context. The small scale of the present study means that further research is needed in this 
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area. Nevertheless, the present study contributes several examples of practice that illustrate how 
numeracy and subject learning can be explicitly linked, which may provide a reason for some teachers 
to work towards overcoming barriers to promoting numeracy learning in the subjects they teach. 
A numerate person is able to use tools (representational, physical and digital) to mediate 
thinking about a situation (Goos, et al., 2014). The teachers in the present study employed several 
representational tools (e.g., timelines and tables of information) in observed lessons that could be 
considered as boundary objects (Star & Greisemer, 1989; see Section 2.1.4). The meaning of these 
artefacts for the teachers seemed to range from a mainly contextual meaning (e.g., Erica’s use of a 
timeline; see Section 6.3.3) to a mainly mathematical meaning (e.g., Michael’s use of graphs; see 
Section 5.5.3). A possible outcome of seeing the meaning of boundary objects employed to promote 
numeracy learning from either of these extremes is that the potential of tasks to enhance both numeracy 
and subject learning may be diminished. The need for a balance is consistent with the findings of 
Venkat and Winter (2015); even though these researchers employed activity theory and discussed 
perspectives rather than meanings. Teachers of subjects other than mathematics may not have a full 
understanding of the mathematical meaning of the boundary objects that exist in the subjects they 
teach. Thus, one of the implications of the present study is the need for non-mathematics teachers to 
work with mathematics teachers to ensure that there is a balance between the contextual and 
mathematical meanings of boundary objects. The same boundary objects are used in more than one 
subject (e.g., timelines in science and history; graphs across a range of subjects), so a further 
implication of the findings on boundary objects is the need for common language and treatment of the 
same artefact across subjects; in other words, a whole school approach to numeracy. 
7.4 Limitations of the Study 
All studies are conducted within boundaries and, it could be argued, acknowledging these 
boundaries adds to the credibility of reported findings. Theoretical, methodological, and practical 
limitations that need to be taken into account when considering the findings of the present study are 
identified in this section. 
7.4.1 Theoretical limitations 
Developing the framework for identity as an embedder-of-numeracy was possible because the 
situated nature of identity (Wenger, 1998) allowed factors that seemed to have potential to influence 
how teachers promote numeracy learning to be identified. As a result, the framework included a small 
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number of factors that could be studied within the practical limitations imposed on the present study. In 
contrast, Van Zoest and Bohl’s (2005) framework for mathematics teacher identity was not developed 
with a subsequent empirical study in mind. These researchers claimed that the comprehensive nature of 
their framework had theoretical strength but would have practical limitations if used in empirical 
research. Thus, a balance is needed to overcome the difficulties of using teacher identity as an analytic 
lens in empirical studies (Enyedy et al., 2005). The findings of the empirical phase of the present study 
(see Chapter 5 and Chapter 6) suggest that the framework for identity as an embedder-of-numeracy, 
when used with the adaptation of Valsiner’s (1997) zone theory, can provide useful insights into how 
teachers could be supported to promote numeracy learning across the curriculum. This practical 
strength is counterbalanced by the theoretical limitation of not including more of the factors that have 
been shown in previous research to influence a teacher's identity. As the framework is used in 
subsequent studies, other factors may be identified as warranting inclusion, and so the framework for 
identity as an embedder-of-numeracy may need to be amended. 
7.4.2 Methodological limitations 
The small number of teachers involved in the present study, their recruitment through the 
Numeracy Project, and the challenges presented by some of the factors included in the framework for 
identity as an embedder-of-numeracy were identified as possible methodological limitations for the 
study. These issues could not be fully addressed within the constraints of the present study but could be 
attended to in further research. 
The seven teachers who participated in the study taught across a range of disciplines. Lessons 
were observed in a number of subjects, but the findings presented in this thesis were limited to the 
subjects of science and history because these subjects were taught by at least three teachers, they 
provided an opportunity to explore the use of boundary objects (Star & Greisemer, 1989), and two of 
the teachers were teaching science out of field. Thus, the findings allow tentative assertions to be made 
about how to support the participating teachers to promote numeracy learning. The findings cannot be 
generalised to the subjects of science and history, nor to other subjects, teachers, or schools; but this 
was not the goal of the study. The small number of teachers and subjects was sufficient to test and 
refine the framework for identity as an embedder-of-numeracy. Moreover, the seven cases presented in 
this thesis illustrate how the proposed adaptation of Valsiner’s (1997) zone theory enables 
understanding of how particular identities are formed and how these identities might change over time. 
Further theoretical sampling would enable possible gaps in the framework to be identified by including 
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more subjects, teachers, and school, thus broadening the data through which the framework could be 
re-examined. 
The teachers who participated in the present study were recruited because of their involvement 
in the Numeracy Project (see Section 3.3.2). School visits were conducted concurrently for this study 
and the Numeracy Project, so teachers were sensitised to looking for numeracy learning opportunities 
when planning for the observed lessons. Consequently, their capacity to identify and inclination to act 
on numeracy learning opportunities in the normal course of events cannot be determined from the data 
that were collected in the study. Observations of all lessons taught by a teacher in a particular subject 
over an extended period of time, say two to three weeks, could shed light on this aspect of a teacher’s 
identity as an embedder-of-numeracy. 
The framework for identity as an embedder-of-numeracy identifies knowledge and affective 
attributes that facilitate promoting numeracy learning across the curriculum but the nature of these 
attributes was not considered in depth. For example, mathematical content knowledge (MCK) relevant 
to a subject was included in the framework, with the appropriateness of the teachers’ mathematical 
knowledge inferred from the information they provided with respect to previous studies in mathematics 
and their practices in observed lessons. It was not possible to determine the breadth and depth of the 
teachers’ MCK and if this provided a sound base for promoting numeracy learning in the subjects they 
teach. Attributes within the Affective Domain that influence how teachers promote numeracy learning, 
such as confidence with mathematics, could be seen as being on a continuum from being highly 
supportive of this approach to unhelpful. These attributes cannot be measured directly and were 
inferred from self-report data or teacher actions in observed lessons. Additional lesson observations 
would enable more grounded judgements to be made about the nature of knowledge and affective 
attributes. 
7.4.3 Practical limitations 
Practical limitations were imposed on the present study as a result of difficulties in scheduling 
school visits, lesson observations, and interviews. The original research design included eight visits to 
each school over a two-year period. The intention was to observe each teacher for two or three 
consecutive lessons in one of the subjects they were teaching and conduct at least one interview on 
each school visit. In reality, scheduling of school visits was determined by the availability of teachers 
and generally occurred in the school term following one of the Numeracy Project workshops. Teachers 
planned a numeracy-focused task for the observed lesson; but sometimes the scheduling of school visits 
meant that there was no clear subject-related purpose for the task. 
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Both schools had 70-minute lessons, meaning there were only five lessons in the school day and 
three lessons per week for each subject. The longest duration of a school visit was three consecutive 
days so the timetable arrangement made it difficult to organise to observe and interview all of the 
teachers at each site more than once during each visit: often teachers were teaching at the same time or 
the only lesson when they were not teaching clashed with a scheduled observation of another teacher. 
As a result, observing two or three consecutive lessons with each teacher, as originally planned, was 
not possible. Furthermore, the availability of each teacher determined the lessons, and therefore the 
subjects that were observed.  Despite these limitations, sufficient data were collected to re-examine and 
evaluate the framework for identity as an embedder-of-numeracy and adaptation of Valsiner’s (1997) 
zone theory. 
7.5 Future Research 
The present study identified three areas in need of further research: 
1. The framework for identity as an embedder-of-numeracy was developed from a theoretical 
perspective, then re-examined through empirical research. The study was limited to a small 
number of teachers in two secondary schools and the subjects of history and science. 
Further research is needed to more fully evaluate the robustness of the framework by 
extending this research to other teachers, schools, and subjects. 
2. Despite numeracy being seen as important in subjects across the curriculum (see Section 
2.1.3), little is known about how promoting numeracy learning can also enhance subject 
learning, including how boundary objects (Star & Greisemer, 1989) can be used effectively. 
Allied to this is a need to know more about what the pedagogical content knowledge for 
designing numeracy tasks encompasses. 
3. Being expected to promote numeracy learning in subjects they are not formally qualified to 
teach presents out-of-field teachers with an additional challenge to those they already face. 
In contexts where numeracy is seen as an across the curriculum responsibility, there is a 
need for research to investigate ways to support out-of-field teachers to promote numeracy 
learning in ways that also assist them to address the other challenges they face. 
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The present study developed a framework for identity as an embedder-of-numeracy that 
identifies factors that influence how teachers promote numeracy learning through the subjects they 
teach. An adaptation of Valsiner’s (1997) zone theory was employed to provide insights into how these 
factors interact to produce particular identities and identify possible trajectories for this identity. The 
findings from the study revealed that, while all factors included in the framework seem to contribute to 
shaping a teacher’s identity as an embedder-of-numeracy, a rich personal conception of numeracy and 
motivation to embed numeracy into the subjects taught appear to be crucial factors. Additionally, being 
able to employ boundary objects (Star & Greisemer, 1989) in non-mathematics subjects can provide a 
means by which attending to numeracy enhances subject leaning (see Section 6.5). Professional 
learning, both pre-service and in-service, may contribute to assisting teachers in these areas by opening 
up new possibilities for the way in which a teacher might develop (zone of proximal development); but 
it does not guarantee that teachers will strengthen their identity as an embedder-of-numeracy. Teachers 
are free to exercise agency by accepting or rejecting the ideas offered through professional learning 
(zone of promoted action), and sometimes this decision is influenced by constraints within their 
professional context (zone of free movement). The zone of free movement/zone of promoted action 
complex canalises development. Consequently, it is not unreasonable to suggest that professional 
learning to support teachers to promote numeracy learning across the curriculum needs to be designed 
in ways that offer teachers options that are feasible within their professional circumstances and provide 
reasons why making changes to their current practices are worthwhile. 
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